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Preface 


This textbook which is to seive as an introduction of bacte- 
riology to students in Veterinary Medicine, emphasizes the general 
morphological and physiological characteristics of bacteria It is 
concerned primarily with those species of bacteria, yeasts, molds, 
and filtrable viruses that are pathogenic to animals An elementary 
mtroduction to the principles of infection and immunity is included 
to establish a workmg basis for the study of pathogenic forms 

A complete description of a pathogenic organism embraces 
more than the morphology and physiology of the organism, conse- 
quently, this text mcludes the description of each organism as 
follows synonyms and history, distribution and transmission, mor- 
phology and staining, culture requirements and characteristics, 
resistance, biochemical properties, antigenic structure and toxins, 
pathogenicity, immunity, and laboratory diagnosis 

It IS imperative that the student acquaint himself with bacteria 
which are pathogenic only to animals — with those which are patho- 
genic to both man and animals — and with certain of those which 
are pathogenic only to man The intimate relationship of man with 
animals and the consumption of animal products emphasize the 
fact that all students of Medical Bacteriology must be familiar 
with the infectious agents found m man and animals if they are to 
understand the diseases produced 

Some textbooks of bacteriology include sections which have 
been omitted purposely from this one A section on pathogenic 
protozoa has not been included because such microorganisms are 
logically studied in courses of animal parasitology m Colleges of 
Veterinary Medicine, therefore these organisms are discussed m 
textbooks of parasitology The inclusion of such a section in a 
bacteriology book usually mmimizes the importance of this signifi- 
cant group 

Although this textbook is mtended primarily for undergrad- 
uate students, it is believed that the information given will be 
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of value to research workers livestock disease control officials 
and to those who are engaged m the field of private practice An 
attempt has been made to include all significant data concerning 
the various microorganisms but some of the details uhich would 
be of interest to those m advanced research ha\e not been included 
The assistance of authorities on individual organisms is frcelj 
enhsted so that controversial statements niaj- be eliminated from 
subsequent editions The references listed at the end of each 
chapter are for the benefit of the student, the> have been chosen 
to assist him m becoming more familiar with the subject. The 
listmg of a complete bibhography is not considered a nccessarj 
function of this textbook 


Many advancements m Veterinary Bacteriology and Virology 
contmue to be made each year It is hoped that most of the perti- 
nent literature has been mcluded m this revision, but it is acknowl- 
edged that some may have been inadvertently o\ erlooked 

All ol the book has been revised to some extent but certain 
chapters should be mentioned specifically The chapter on anti 
biotics has been brought as up-to-date as possible for this rapidly 
changing field The chapter on the pleuropneumonia group has 
been completely rewritten by our colleague W P Switier The 
chapter on the Pasteurellae has been again revised by G K Car- 
ter The section on Virology has been increased 

The authors are deeply grateful for many helpful suggestions 
from numerous sources and agam solicit the continuation of such 
support 

TT service of Marshall Townsend, Wdham H Van 

T ^ and many other members of the techmeal staff 

the Iowa State CoUege Press is appreciatively acknowledged 


1 A. Merchant 
R A PACKI31 
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PART 1 

General Biology of Microorganisms 



I The Scope and History 
• of Bacteriology 


Bacteriology is one of the youngest of the sciences. Its life is 
little longer than that of a normal man. Its importance in the field of 
biology was recognized with its inception, and in 1893 Theobald 
Smith forecast its future when he wrote, “In the study of the 
microscopic forms known as bacteria we have what might be fitly 
called the focal point of the various branches of biological science.” 
The development of bacteriology during the years since that state- 
ment was made has revealed the truth of it. This has been true 
particularly of the relationship of bacteria to disease; for the entire 
conception of infectious disease, its prevention, and its treatment 
have been developed during the past seventy years. Bacteriology, as 
a science, has had a phenomenal growth, yet> the knowledge which 
is included in all the branches of the subject is so commonplace 
today, one wonders why its development was delayed so long. Even 
today, however, in scrutinizing the volumes written about bacteria 
it is observed that these microscopic forms have been known more 
for what they do than for what they are. This is understandable in 
light of the important changes that bacteria produce in materials 
in which they live. During recent years the trend of investigation 
has been toward the determination of the nature of bacteria, their 
chemical composition, and their variations in morphology and 
physiology. With this added knowledge we shall understand more 
clearly why bacteria bring about the changes by which they have 
been recognized for years. 

Bacteriology is the branch of biology which deals with four 
different types of minute living organisms: the bacteria, the 
filtrable viruses, the yeasts, and the molds. 

Bacteriology, as a science, has numerous divisions, all of whicli 
have a common technical foundation, but eadi division is distinctive 
because different types of bacteria are found in various habitats. 
There are definite lines marking some of the divisions while others 
merge into one another. Any classification of the entire subject 

131 
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would be an axb^axy nne, but fte 

Asneulturol Bartenologv, Damj Buelcrwloav, San.lm/ Bant 
ology, and Medical BnctenoloaU , ■ 

Geneml Bactenoloav is the study oi tbe 
„£ aU baetena It is of academic importance and probably does n„ 
deserve the distinction oS a separate division, yet, it is an 
part of the science, because students of this subject become 
acquamted with the entire field ol bactcriologj ncscarch m gen- 
eral bacteriology IS oi value because it is usually directed touaru 
the nature of bacteria regardless of their origm 

Systematic Bacteriology embraces the classification ana nomen- 
clature of bacteria It also is of academic value and gives order and 
organization to the entire field There has been an unfortunate 
tendency on the part of workers m all branches of bactcnologj to 
disregard the sincere attempts to classify bacteria which hav c been 
made by systematic bacteriologists It is freely admitted that 
methods which are used m classification may be faulty and nt times 
confusing but it is hoped that as the nature of bacteria becomes 
fully known, a satisfactory classification may be accomplished and 
adopted by all 

Industrial Bacteriology includes all the procedures which in- 
volve the action of bacteria in the various industries In the utiliza- 
tion of agricultural by products baetena arc playing an important 
role The function of yeasts m the manufacture of alcohols and 
gases used in beverages is common knowledge Bacterial aeiiotv vs 
fundamental m the manufacture of many organic acids, of which 
vinegar is the best example The use of bacteria in the fermentation 
of com to prepare alcohols of value as motor fuel is a promising 
industrial venture The curmg of tobacco, the retting of hemp, and 
the tanning of leather all depend on bacteria in various stages of 
the process The discovery ol pemedUn initiated the development of 
a tremendous industry, the manufacture of antibiotics, which is in- 
cluded m this category 

AgnniltuTol Bactenoloai, is the study of any of the forms of 
bacteria relating to agncultuie and may be divided very appropri- 
Piavt hactmefogv, the ioimer em- 

ba^LTfoW fertility, the iatter is the study of 

m th'e°nteo°amTo?f Processes which are used 

P P ation of foods m tiie canning mdustry This usually is 
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confined to the control of those procedures which prevent spoilage 
of food and the elimination of conditions of bacterial origin which 
may impart undesirable flavors to foods. 

Dairy Bacteriology embraces the study of all the bacteria, 
yeasts, and molds which are found in the manufacture of dairy 
products. This subject includes all bacteria which are harmful as 
well as those which are useful. In the sanitary control of milk and 
milk products this field overlaps those of sanitary and medical 
bacteriology. 

Sanitary Bacteriology is so closely allied with Medical Bacteri- 
ology that there has been constant hesitation in placing it in a 
separate division; yet, certain bacteriologic teclujics sufficiently 
definite to be placed in a separate category have been developed 
which aid man in the control of his environment. The bacteriology 
of water, foods, and sewage makes up the most important part of 
this subject. It is tlie study of all bacteria, significant to health, 
which are found in the environment of man and animals. 

Medical Bacteriology embraces the study of those bacteria, 
yeasts, and molds which are detrimental to the health of man and 
animals, primarily by their ability to produce disease. This division 
may be subdivided into Human Bacteriology and Animol Bacteri- 
ology, the latter commonly called Veterinary Bacteriology. Accumu- 
lated research reveals, however, that the division of these two 
subjects is becoming increasingly indistinct. Many bacteria are 
capable of producing disease in both man and animals, and although 
we are more familiar with the ones transmissible from animals to 
man, evidence points to the fact that the reverse occurs in some 
instances. No doubt much overcrossing of infection would be 
present if man and animals lived in close contact with one another. 
Htiman Bacteriology may be defined as that portion of medical 
bacteriology which concerns those microorganisms (bacteria, yeasts, 
molds, and filtrable viruses) which affect the health of man only 
and those which are transmitted from animals to man, or from man 
to animals either directly or in food products. Veterinary Bacteri- 
ology includes that portion of Medical Bacteriology which concerns 
those microorganisms (bacteria, yeasts, molds, and viruses) which 
affect the health of animals only, and those which are transmitted 
from animals to man, either directly or in food products. Both 
branches of Medical Bacteriology have as their very able ally. 
Immunology, which considers the resistance of the body to disease 
and the means which may be used to increase such resistance. 

During recent years the study of the filtrable viruses which 
affect man and animals has progressed so much that the study of 
such agents is embraced under the general term Virology. 
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THE HISTORY OF MEBICAl BACTERIOIOGY , , 

The development of tootenology has been due to the irv 
saentiflc cunosity and energy of great men, aided in ““V 
stances by their fortitude m standing for what they toew to be 
true in the face of apparent disproof and the disdain o£ fteir associ- 
ates The history of Medical Bacteriology is a story of the evolution 
of knowledge concerning the causes of disease It is a most tascui- 
atmg story, particularly as revealed by Bullock in “The History of 
Bacteriology,” which every student is urged to read Space allotted 
to the discussion of this subiect in this book permits only a brief 
review of the significant discoveries of the foremost contributors to 
the subject . 

Early Theories ot Ibe Cause ot Bisease The hie of early man 
was governed by superstition It is not surprising that such an 
affliction as disease, often followed by death, was attributed to the 
wrath of divine spmts for the punishment of individual sms This 
IS knowTi as the TKeurgical Theory of Disease The Bible gives 
several interesting accounts of contagious disease One of the most 
significant is the discussion of the treatment of lepers as given in 
Leviticus, Chapters XIII and XIV The fact that the Jews required 
leprous people to be segregated indicates that they were aware that 
the disease was spread by contact, but the cause always was con- 
sidered to he supernatural 'Hiat the infected were required to 
shield their faces with their hands and to cry “unclean" also indicated 
a knowledge of transmission Sometimes an enraged Deity was 
credited with transmitting evil spirits on pcosoned darts as was 
described in the great classic, “The Iliad,” when Appolo apparently 
became angry and supposedly mflicted the army before Troy with 
epidemic sickness by means ot darts The Theurgical Theory of 
Disease persisted through many centuries The belief w super- 
^luml mBiCloas of teoase is .UU observed among uncivilized 

— g races 
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All were closely related according to Hippocrates, and the different 
types of disease were caused by the changes in temperature and 
moisture during the various seasons of the year. Hippocrates did 
not think of disease as being caused by transmissible agents; con- 
sequently, he did not advance knowledge a great deal from the early 
ancient beliefs. He did free medicine from superstition, however, 
and his clear method of analysis of cases of disease and his descrip- 
tion of them certainly make him worthy of the great honor accorded 
him in his title “The Father of Medicine.” 

The teachings of Hippocrates were the starting point for theoriz- 
ing on disease by all medical minded individuals. This resulted in 
discarding the Miasmatic explanation for a period. The Pore 
Theory came into vogue and was supported by Asclepiades (124 
B.C.), Themison (143-23 b.c.), and Thessalus (60 a.d.). Al- 
though each of these men based his conception on the function of 
pores, their resulting theories varied somewhat. The first two in- 
vestigators believed that a symmetry of proportion of the pores 
resulted in health and a disproportion of pores caused disease. 
Thessalus, on the other hand, believed that the pores should be 
changed in afflicted parts to assure recovery from disease. So positive 
was he of his theory that he vigorously denounced Hippocrates’ 
Miasmatic Theory. 

The close relationship of disease to nature was too apparent for 
the Miasmatic Theory to be discarded for long. Galen (120-200 
A.D.) revived all the medical teachings of the master, Hippocrates, 
and embellished them with his own observations and imagination. 
He recognized the four elements, qualities, and humors as postu- 
lated by Hippocrates and taught that an excess or deficiency of 
these humors resulted in disease. Based upon his observation of the 
individual humoral capacity of each person, Galen classified the 
temperaments of people as (1) sanguine, (2) phlegmatic, (3) 
bilious, or (4) melancholic. In order to equalize humors, Galen 
often found it necessary to draw what he considered excess blood. 
He advocated blood-letting as one of the cures of disease. No 
advance in the knowledge of contagion was made during this period. 
The Miasmatic Theory was accepted whole-heartedly. 

The teachings of Hippocrates and Galen were accepted during 
the Medieval period (1096-1438) ; however, most scientific investiga- 
tion and teachings were dominated by the rise of Christianity and 
its power in the State. Great powers of healing were attributed to 
the Saints, and fortunate indeed was he who had in his possession, 
as a charm for healing, a bone or any other article reputed to have 
come from a Saint. During this period pandemics of plague, epidemic 
chorea (St. Vitus’ dance) , and other epidemics swept the civilized 
world. Ample material was available for the observ'ation of t' 
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contagioiisness of disease If such observations made at that 
tune, very few of them found their way into the medical literature 
of the period, however, some mlerestmg observations were made 
by laymen such as Boccaccio (1313-75) who tells an interesting 
story concerning the transmission of plague in his “Decameron” 
(1358) He wrote ^ 
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structure and nature of living things has been gained, as contrasted 
with the baseless fancies and blank ignorance of three centuries ago.” 

Among the early believers in the existence of invisible forms, 
was Athanasius Kircher (1602-80). He is given the credit of 
using a microscope of about 32-power magnification with which he 
saw “worms” in the blood of plague patients. His descriptions were 
so embellished by imagination that most of his observations are 
discoimted. The first compound microscope is believed to have been 
made m Holland by Cornelius Drebbel and by Hans and Zaccharias 
Janssen at about 1590-1610. Galileo, in 1609, is also credited with 
being one of the first to place a series of lenses in a tube to produce 
higher magnifications. Toward the end of the seventeenth century 
two Enghshmen, Robert Hooke and Nehemiah Grew, used a micros- 
cope in the study of natural objects and the structure of plants. An 
Italian, Marcello Malpighi (1628-94) , who is known as the founder 
of histology, obviously used a microscope in order to see the de- 
tailed cellular structures of the lungs which he described in 1661. 
The description of the red blood cells by Jan Swammerdam in 1658 
was made possible by the use of a microscope. 

The manufacture and use of a microscope of a higher magni- 
fying power than any formerly used is credited to Antony von 
Leeuwenhoek, of Delft, Holland, who lived during the period 
1632-1723. The story of the life of this true scientist and of his dis- 
coveries has been perpetuated by Dobell. Every student of science 


dealing with microscopy should read this fascinating account. There 
is little doubt that Leeuwenhoek should be credited as being the 
Father of Bacteriology, His letters to the ^ ^ 

Royal Society of London and the illustra- 
tions (Fig. 1.1) which accompanied them 
prove conclusively that he had seen bac- g 
tcria of various shapes and sizes in a 


variety of substances. His microscopes 
revealed that he was a craftsman of 


ability, although his interest in his in- 
struments was based upon what they 
allowed him to see, rather than his ability 
in manufacturing them. The microscopes 
of Leeuwenhoek were rough and un- 
finished although they were mechanically 
efficient (Fig. 1.2). He made 247 micro- 
scopes, vor>’ few of which have been 
handed down to posterity. Tlic highest 



FIG. 1.1 — Leeuwenhoek's 
figures of boeferfo’ A and 
B, probably Bocilli; C-D, 
poth of mofile form; E, 
cocci; F, lepfothrix; G, 
spirochete. 


mngnificalion which he was able to obtain was about 200 diameters. 


He guarded his instruments jealously, and very few persons were 
privileged to see them. 
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The nucroscope pas'^ed through a 
gradual senes of developments until 
it has become the splendid instrument 
of the present da> (Fig 13) In 1739, 
J N Lieberkuhn perfected the solar 
microscope of Leeuwenhoek. The 
light transmitted through the glass 
lenses of the earlj microscope was 
broken into its component colors 
Chester Moor Hall and John Dollond 
(1733) are given the credit for in 
dependenlly nreparmg achromatic 
lenses which corrected this dispersion 
The use of a combmation of lenses is 
attributed to Chevalier of Pans in 
1824 Jo eph Jackson Lister dev eloped 
tmiwrtant detailed principles of the 
modem microscope in i830 From that 
date Ao microscope has been im 
proved by many mechanical irmova 
ttons An advance m the knowledge 
of microorganisms has followed each 
improvement m the microscope The 
compensatmg ocular the Abbe con 

tr' If oiioc 

hed 1500 diameters hois ever there 
M H ‘d the vm 

Phf niagiuEed objects 

^we'rTthr” tesoCg 

^ E. Barnard has 


for illumination 

suitable quartz and 

-“-STS 




25 000 


(hetero- 
than animals 



FIG 1 3 — A modern student microscope (Courtesy Bousch and Lomb ) 
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manifestly the result of the act of 

of early scientists The origin of ^ oWtous 

Francisco Kedi (1626-97) was one of the first to shotv ® 

did not develop in meat when the meat was coveted with fit® 

Louis JoWot (1647-1723) demonstrated in 1711 that heated infus 
svete not able to produce animalcules whereas cold infusions soon 
teemed with hving thmgs The hehef in the theory of spontimeous 
generation persisted however, largely due to the efforts of suon 
men as Needham who was an ardent bebever in this theory ine 
experimental work of Spallanzani in 1756 and 1776 which is- 
proved the theory conclusively, served to fan the flame of cou- 
troversy over the subject The experiments of Theodore Schwann 
(1810^2), published during the first part of the nineteenth cen- 
tury, definitely established that fermentation and decay were results 
of micToorganisins rather than the creation of them Schroder and 
Dusch m 1854 demonstrated that cotton-wool satisfactorily pro 
tected a freshly boiled infusion from fermentation, thereby estab 
lidung the use of the cotton plug in laboratory procedures A stag- 
gering blow to the theory of spontaneous generation was dealt by 
Louis Pasteur m a senes of experiments tlie results of which were 
published m 1860 In these experiments he demonstrated that the 
dust in the air was laden with microbes and when vt was prevented 
from entering flasks contaisung infusions, the infusions remained 
stenle 

The results of these experiments were of great practical value 
Joseph Lister (1827-1912) , a Scottish surgeon found that infection 
followmg suegery was prevented by tbe application of a dressmg 
containing some material (carbolic acid) capable of destroymg the 
life of floatmg particles Thus the use of antiseptics m surgery on- 
ginaled and was the forerunner of the aseptic surgery of today The 
''““’“S microorganisms were not con- 
experiments of John 

gS dl li! fiunl deemve blow was given to hetero 
SrX w that mtusions were made absolutely 

stariU by repeated beating allowmc mtervaU fetw *v. j i ^ 

endospoTcs, heat resistance of bacterial 

iHe f.rer:ran?’de::ro" t£\lTvTg:mhTet:" :fo 
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ancient people. The discovery of the nature of the processes really 
laid the foundation to the discovery of the relationship of micro- 
organisms to disease. Early chemists conceived that fermentation 
was the same as other chemical reactions. 

Fabbroni (1787) apparently was the first to suggest that fer- 
mentation of wine ^vas due to the action of a glutinous substance 
contained in grapes. The biological nature of fermentation was 
made obvious by the discovery of yeast cells. This important con- 
tribution was shared by Cagniard-Latour (1836) , Schwann (1837) , 
and Kutzing (1837) . Of these Schwann is credited with being the 
one to explain alcoholic fermentation and is known as the Father 
of Fermentation. 

The role of microorganisms in fermentation was definitely 
shown by Louis Pasteur (1822-95) . His exactness in experimenta- 
tion and his enthusiastic support of his results epitomize the char- 
acter of Pasteur. These characteristics explain why his results were 
accepted when the results of others were not. As a chemist, it was 
natural that he should become involved in the subject of fermenta- 
tion. During the period 1854-80 he demonstrated and explained 
most of the processes of fermentation. His results were opposed 
however, by the German chemist, Liebig, who believed that fer- 
mentation was due to a ferment formed by the action of air on the 
sugar molecule. Spurred on by this controversy, Pasteur conclusive- 
ly proved that yeast cells produced a ferment which in turn caused 
the reactions characteristic of fermentation, that lactic acid in milk 
was produced by ferments of bacteria, and that acetic acid was 
formed as a result of bacterial ferments. He was hailed as the 
savior of the wine industry of France when he showed that un- 
desirable organisms caused sour wine. He showed that the proper 
sterilization of vats eliminated these undesirable organisms 

Tlie Development of the Germ Theory of Disease. In the dis- 
cussion of the ancient conceptions of the cause of disease it was 
observed that a glimmering of the truth existed in some of the 
literature during the fifteenth and sixteenth centuries. In general, 
however, the scientific world did not accept the belief that contagion 
was due to living things which grow and multiply in the body of 
the infected. This hesitance of scientific workers is substantiated by 
the fact that a very significant book on the nature of consumptions, 
^v^itten by Benjamin Martin in 1720, was comparatively unknown 
to his contemporaries. He theorized that consumption was caused 
by some species of animalcula whidri were inimical to the nature of 
man; that they were able to exist in the juices and vessels of the 
body and be carried to the lungs where they locahzed and wounded 
or gnawed the tender vessels, thereby producing the disease. It was 
the adherence to accepted dogma, no doubt, that explained why the 
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discovery oJ smali anunaicula by Leeuwenhoek i^as of so little 
significance in the understanding of the cause of disease It is sur- 
prising that the keen mind of Bretonneau (1778-1802) who is 
known as the first to believe m the specificity of disease, did not 
grasp the significance of anunaicula as an aid in explaining speci- 
ficity of disease 

An Italian layman, Agostino Bassi, discovered in 1835 that a 
disease of silkworms know by the Italians as “calcitvo'' and by 
the French as ‘ muscardine,’ was caused by a fungus He demon- 
strated that the organism could be traiwmitted from diseased to 
healthy silkworms by contact and by infected food 

The real basis for the foundation of the Germ Theory of Disease 
ivas laid by Jacob Henle in 1840 when he speculated “On Miasmata 
and Contagia” George Rosen has translated this treatise into 
English which makes it more available to students of this continent 
Henle based his theories upon Bassi’s discovery of the cause of 
silkworm disease and the discovery of the relationship of yeast cells 
to fermentation by Cagniard Latour, and Schwann These definite 
fcdmgs, in addition to his own observations, led Henle to give the 
following reasons which to him proved the individual life of the 
contagions " 
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In 1849, John Snow observed epidemic cholera was water- 
borne; this added proof to the germ theory. The classic, “Typhoid 
Fever,” by William Budd, illustrated his conception of the relation- 
ship of living, growing germs to that disease. 

The discovery of small filiform bodies in the blood of anthrax 
infected sheep and the subsequent proof of the relationship of 
these bodies to the disease was conclusive evidence that germs could 
cause disease. The discovery of the bacilli was made, independently, 
by P. F. O. Rayer and his associate, C. J. Davaine, in 1850 and by 
F. A. A. Pollender in 1855. F- A. Brauell established the trans- 
missibility of the disease in 1857 by infecting sheep and horses with 
anthrax blood. During the period 1863 to 1868, Davaine established 
the definite relationship of the “bacteria,” as he called them, to the 
disease by observing that they were present in blood of animals 
having the disease and, also, by observing that when they were not 
present anthrax did not occur. He demonstrated that the disease 
could be produced by the injection of one-millionth of a drop of 
anthrax blood. 

Pasteur added materially to the formulation of the Germ 
Theory of Disease by his discovery, in 1870, that pebrine, a disease 
of the silkworm, was caused by a protozoan parasite. The crystal- 
lization of the Germ Theory of Disease during the 1860's came as 
a result of a converging of numerous approaches to the nature of 
microorganisms which may be summarized as follows: First, fer- 
mentation had been shown to be due to the action of yeasts. Second, 
spontaneous generation had been exploded. Third, wound infection 
following surgical operations had been prevented by the use of 
antiseptics. Fourth, epidemiological observations by Henle, Snow, 
Budd, and a host of others substantiated the particulate and living 
nature of contagion. Fifth, the injection of putrid blood from a case 
of septicemia reproduced the disease. Sixth, the discovery of the 
following specific causes of disease: fungi were present in the 
disease of silkworms; fungi were found in skin infection of man; 
bacteria were always present in cases of anthrax. 

The absolute proof of the Germ Theory came as a result of the 
classical work of Robert Koch (1843--1910) on anthrax in 1876. 
Working with crude equipment Koch succeeded in tracing the 
development of the anthrax bacillus through the sporeforming stage 
to the germination of the spore and the formation of the bacterial 
cell. He demonstrated the capacity of the organism to kill mice and 
to produce the same type of lesions repeatedly. He found that other 
similar types of bacteria did not produce disease, thereby establish- 
ing the specific nature of infectious disease and forming the basis of 
his postulates or laws for which he has become famous. Koch’s dis- 
covery was lauded and abetted by Ferdinand Cohn, a botanist, to 
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v;hom great credit is given for classifying the species of bacteria 
knoivn at that tune and forming a basis of classification and nomen- 
clature on which subsequent systems have been built 

Pasteur had deserted the field of fermentation when he invcsti 
gated the cause of silksvorm disease Koch’s definite discovery of 
the anthrax organism stimulated Pasteur to delve mto the causes 
ot animal and human diseases He confirmed Koch’s work on 
anthrax and m 1877 clarified the relation^ip of another organism 
to an acute and fatal disease He established the cause of malignant 
edema as being due to an anaerobic organism which he termed 
Vibnon scptiquc Pasteur then turned his attention to the nature 
of disease and to immunity His classical studies on anthrax immun- 
ity laid the foundation of prophylactic treatment of infectious 
diseases Koth turned his attention to the perfection of laboratory 
procedures during the course of which he made monumental dis- 
coveries of bacteria, the most important of which was the tubercle 
bacillus which he demonstrated m 1882 So it was due largely to 
the egorts ot Koch and Pasteur that the Germ Theory of Disease 
became a fact, the science of medical bacteriology became estab- 
lished, and the field of medicine became revolutionized 

The Development of Laboratory Methods The perfection of 
ttie tmcras<»p€, ttc discovery that cotton plugs protect culture 
media from au-dust contaimnalion, and the conclusion that inter- 
nutlent hoilmg lohs hactenal spores are three very important con- 
motions to laboratory technic previously discussed Progress m 
bacteriology was delayed, however, by the lack of proper methods 
separating o„b type oi microorgamsir 

irom anolher m a nuro 
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Numerous methods were employed by the early bacteriologists 
to separate different species of bacteria and obtain pure cultures. 
The most popular and successful method was by multiple dilution. 
Raw potato, however, was commonly used as a solid medium. To 
Robert Koch goes the credit of first using solid media in 1881. He 
added gelatin to meat infusion and poured the liquid medium on a 
glass plate to harden; the medium was protected from dust contam- 
ination by placing a bell jar over it. The medium was inoculated 
by streal^g the surface with a platinum wire charged with the 
material containing bacteria. The use of agar-agar in culture media 
was introduced by Frau Hesse, the wife of Walther Hesse, one of 
Koch’s early co-workers. Koch used coagulated blood serum for a 
culture medium in 1882. The value of solid media which enabled 
bacteriologists to obtain pure cultures cannot be overestimated. It 
was one of the most valuable contributions to the development of 
the science. It enabled Koch to fulfill his postulates by isolating 
organisms in pure culture; accordingly, most of the discoveries of 
the causes of the various infections were made possible by the use 
of solid media. It served to stimulate all bacteriological research, 
for it enabled workers to study the action of pure cultures. 

New advances in laboratory tedmic have aided in the discov- 
ery of new organisms and of additional knowledge concerning old 
ones. The technic of filtration, first employed as a method of puri- 
fying media and to test the toxicity of bacteria-free filtrates, lead to 
the discovery of the large group of disease agents known as filtrable 
viruses. Constant improvements in methods of sterilization were to 
reduce the hazards of contamination. Various tests for the meta- 
bolic products of bacterial growth were devised to aid in differen- 
tiating and classifying bacteria. Methods of culturing bacteria in 
the absence of free air revealed a large group of anaerobic bacteria 
and increased knowledge concerning bacterial respiration. Out of 
all the laboratory procedures, however, three stand out as being 
the most significant in the development of the science of bacteri- 
ology. Those three are: use of the microscope, stenhzation, and use 
of solid media. 

Tlie Development of Theories of Immunity. A resistance to a 
second attack of the same disease after recovery from the first was 
an observation by early physicians. This was thought to be the 
result of magic as was disease itself. The development of immun- 
ology, as a science, closely followed that of bacteriology and cannot 
be separated from it. 

Methods of immunizing ageunst disease were practiced long 
before the Germ Theory of Disease was formulated. In 1798, Ed- 
ward Jenner described his method of immunizing against smallpox 
by using attenuated virus. His method was an outgrowth of th« 
commonly known fact that milkmaids became immune to 
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because of their contact with cows suffermg with eowpox Almost 
100 years later, accidentally found that cultures of 

the fowl cholera organism lost their ability to produce disease after 
they had been grown on artificial media in contact with air These 
cultures did have the property, however, of producing an immunity 
m chickens which rendered them resistant to virulent cultures of 
the same organism The triumphant entry of artificial immunization 
mto the field of medicine resulted from Pasteur's classical work on 
anthrax at PouiUy le Port m 1881 In those experiments he demon- 
strated that cultures of the anthrax bacillus, attenuated by growing 
at 42°C , were able to cause die development of a marked immunity 
m sheep against highly virulent anthrax organisms His subsequent 
work on swme erysipelas and rabies were almost as noteworthy, for 
they substantiated his earlier work and opened the way for other 
applications of his methods In the United States Theobald Smith 
and D E Salmon demonstrated the use of heat-killed cultures of 
an organism then thought to be the cause of hog cholera Alfiiough 
the use of the heat killed cultures of Salmonella choleraesuis was of 
no %alue m hog cholera immunization, it was of great value m mitiat- 
ing the technic of bacterin therapy which has been widely practiced 
since that iim«i 
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he formulated his Side-Chain Theory of Immunity. He visualized 
that the body cell produced receptors which were superabundant 
in immune serum and which caused a chemical neutralization of 
the invading organism or its toxins when they came in contact. 
Although Ehrlich’s side-chain theory has been relegated to the 
“historic background” of the subject of immunity, it has served a 
useful purpose. It has stimulated research out of which have grown 
more plausible explanations of the phenomenon and has been use- 
ful in explaining to the beginning student the intricacies of the 
various reactions. Ehrlich’s terminology is still used to a great ex- 
tent and some of his fundamental theories linger with a vestige of 
truth in them. 

In 1896 Herbert Durham and Max Gruber demonstrated that 
a suspension of organisms was agglutinated by a specific immune 
serum. The practical application of the phenomenon in the diagnosis 
of typhoid fever was made hy F. Widal in 1896. This test, known as 
the “Widal microscopic test,” has been modified during the years 
until the “Macroscopic Tube Test” is now one of the most common 
diagnostic methods for certain diseases. R. Kraus demonstrated in 
1897 that immune serum also had a specific reaction for a bacterial 
filtrate which caused it to precipitate. This gave origin to the pre- 
cipitation test which is used for the diagnosis of disease and for the 
study of immune reactions. 

Simon Flexner demonstrated in 1894 that “animals that had 
withstood one dose of dog serum would succumb to a second dose 
given after the lapse of some days or weeks, even when this dose 
was sublethal for a control animal.” Thus he clearly demonstrated 
that a hypersensitive condition, the exact opposite of immunity, was 
produced. This reaction was observed also by C. Richet and J. 
Hericourt in 1898 when eel serum was injected into dogs after 
allowing a lapse of approximately two weeks from the time the first 
injection, was given. In 1903 M. Arthur observed a skin necrosis in 
rabbits which followed successive injections of horse serum. In 1904 
Theobald Smith found that guinea pigs became hypersensitive to 
subsequent injections of horse serum during the course of diphtheria 
antitoxin standardization. From these original observations a mass 
of data was accumulated about the subject of anaphylaxis and al- 
lergy, a study which today is still in its formative stage. 
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Morphology and Colony 
Characteristics of Bacteria, 
Yeasts, and Molds 


The characteristics by which plants and animals are differ- 
entiated become less significant among the microscopic forms of 
life; therefore, it is necessary to understand the factors that are 
considered in assigning a particular microorganism to the animal or 
plant kingdom. Difficulty arises particularly in the differentiation 
of the bacteria and the protozoa. All bacteria probably have a cell 
membrane which, in function, is closely related to that of plants, 
and in some species cellulose and chitin may be found. The cell 
membrane of protozoa is not so well defined and may be described 
more aptly as a limiting membrane. In shape, habit of growth, and 
reproduction the bacteria resemble the blue*green algae and molds 
much more than they do the protozoa. Motility is of no value in 
placing the bacteria in either kingdom, inasmuch as flagellated 
forms are found in both the plant and animal kingdoms. Although 
there is no particular reason why bacteria might not represent a 
position intermediate to the plants and animals, the evidence, on the 
whole, is in favor of the classification of true bacteria with plants. 


THE PLANT KINGDOM 


The position of bacteria in relationship to other plants should 
be understood. The plant kingdom is divided into four great groups 
or phyla according to the following classification: 


Scientific Names 

Gyitmospermae 

Ajiglospermae 


Lycopodineae 

EqxiiseUneae 

Filicineae 


PHYLA 

Common Names 

SPERMATOPHYTA 

Conifers and Related plants 
Flowering plants 

PTERIDOPHYTA 


Club mosses 

Horse-tails 

Ferns 

BRYOPHYTA 


1211 


Hepaticae 

Musci 


Liver-worts 

Mosses 
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-jHAtLOPHYTA 


Algae 

Myxophyceae 

Chloropiiyceae 

Phaeophyceae 


Blue green algae 
Green algae 
BrowTi algae 


Fungi 

Basidiomycetes 

Ascomycetes 

Phycomycetes 

Myxomycetes 

Scbiiomycetes 

Fungi Imperfecti 


Club fungi 
Sac fungi 
Algae fungi 
Slime fungi 
Baclena 
Imperfect forms 


The Thallophyta are those plants devoid of leaves stems or 
true roots hut otherwise have very little m common Many of the 
different forms of Thallophyta have developed a parasitic capacity 
for plants animals and man Most of them are found among the 
hacteria (Schizomycetes), a few among the Fungi Imperfecti com- 
monly called If eJ^ts (Saccharomycctcs), and Molds (HypHomi/cctcs) 
The discussion of the general morphology of these three different 
types follows 


fAORPHOLOGY Qp BACTERIA 

Shape The bacteria are grouped according to shape into sphen 
cal forms straight rods curved or spiral rods, and filamenlcrus 
forms (Fig 2 1) 

The spherical bacteria are called cocci (sing coccus) 

The strai^t rods are called bocilU (sing bacillus) 

The curved or spiral rods are represented hy cells which may 
vary from a comma shape to a tidily twisted corkscrew like cell 
The more loosely curved 

“vis « 


cells are known as spt 
Txlla (smg spirillum ) , 
and the more tightly 
coiled forms are called 
spirochetes (sing spiro- 
chete) 

^ •• •, Many of the bacteria 

the molds 
m morphology These 
forms are elongated and 
threadlike, and some of 

md on f '=artoria are well defined 

cerlan. rlnnL or'l^tr SatS: ef^dr 



'types of bocter o 
and sp r llo 


COCCI boe II, 
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tions, however, many bacteria assume unusual and abnormal 
shapes. Cells of this type have been called involution forms or 
pleomorphic types, and more recently variant and dissociative forms. 

For many years little 

• significance was at- 

Ji* ojU ^ ^ taehed to such changes, 

• ** Q and they were thought 

to be due, in many 
cases, to contamination. 
.••••/ t 0® Eventually, however, 

• **** « the changes were rec- 

*• ^ ta** * ognized and at the pres- 

FlG. 2.2 - Various groups of cocci. ent time are considered 

to represent normal 
characteristics of bacteria. Most of the variations which occur 
are of a temporary nature, and are due to a change in the environ- 
ment of the organism; nevertheless, changes occur where the 
resulting type is permanent. The student must not be too alarmed 






• 

- Various groups of cocci. 


when extremely long rods are found in a culture which is supposed 
to be composed of short plump rods; nor should he be surprised to 
find coccoid forms in the same culture. Some investigators explain 
that this variation is due to a cyclic development of the organism. 
In some species of bacteria such cyclic changes may occur, hut bac- 
teriologists in general are not ready to accept such explanations for 
all the organisms, nor for all the morphologic dissociative changes 
which have been described. 


Cell Grouping. Bacterial cells divide by simple fission, and after 
division some remain attached to one another while others quickly 
break apart. Those that remain in groups or chains are held to- 
gether by plasmodesma, a protoplasmic bridge between cells. The 
cell grouping is so constant that it, also, is used to differentiate 
various genera from each 
other and in some cases the 


species. 

Bacteria divide nor* 




mally at I'ight angles to the _ 

longest axis of the cells. 0 (P'^^ 

This permits little variation ^ 

in the coll arrangement of FIG. 2,3 -^Types of badlH. 

the bacilli, spirilla, and fila- 


mentous forms, but the cocci hav'e no longest axis; hence they may 
divide irv various planes. On this basis the cocci are divided into 
the following groups. 

Tiio streptococci (chain-cocci) divide in a constantly parallel 
piano, fonning chain.s. 
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The diplococci remain in pairs after division, and it is not un- 
usual to see such paired cocci among the streptococci and the staphv- 
lococci 

The stapht/lococci di- 
vide at various angles 
forming grapelike clusters 
of cells 

The sarana divide m 
three planes at right 
angles to each other, re- 
sulting in the formation of 
cubes or packets shovvm in 
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Figure 2 2 * 

cells hut usuaUy occur singly (pT 2 41 
The fUamentous tynes of ' 

-es or in clumps, and -asionaUrm ^Zarat 

IS altogether dependent 

»>z=, although some as smaU as 0 5. m Lf®' “Si* “> 12 n tn 

.gnaled by the letter 7“ Sed for ^ (The inicron. des" 

^ are found xn this t 

The fUamentou ^ >" r , 
bacteria can be described • 
only according to the dia 

■"otero(thecell 7 hch 7 

“fallyOSpiol,, Meas 

“««onts for au'ty^ tf 

tnX™^* '■-<1 
r^hS:e7;: 
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sis, the shrinking of the protoplasm and subsequent pulling away 
from the cell membrane. The composition of this membrane in bac- 
teria is not cellulose, as in higher plants, nor chitin as in fungi. Poly- 
saccharide substances are concentrated in the cell membrane, and 
it is probable that the membrane is composed of a carbohydrate- 
protein substance, 

A capsule composed of a mucoid or mucilagenous substance 
covers the cell membrane of some bacteria. Many bacteriologists be- 
lieve it is present to some extent on all bacteria^ but in the majority 
the substance is too thin to be detected by the usual staining proce- 
dures. The capsule may be easily demonstrated on certain species of 
bacteria by suitable staining methods and is recognized on some by 
the nature of the growth, for example, the “mother of vinegar” and 
slimy milk and bread. Capsular substance is an extension of the 
cell membrane and probably produced by it. It is chemically dif- 
ferent for the various bacteria. In some it is composed of mucin, a 
slimy material made up of a protein-like substance united with a 
carbohydrate, resembling the mucus secreted by the cells of the 
mucous membrane. In others the capsule is composed of pure car- 
bohydrates and is closely allied to certain of the vegetable gums, 
such as gum arable. In still others the material is lipoid in nature 
forming a compact, waxy coating over the organism. The complex 
polysaccharide capsular materials found in some of the bacteria 
have been used extensively during recent years in determining the 
antigenic relationships of closely related strains of bacteria. These 
substances seem to be responsible for the specific reactions which 
are obtained in the serologic study of bacteria. 

A relationship apparently exists between capsular substance 
and virulence, largely due to the resistance of the capsulated organ- 
ism to phagocytosis; furthermore, the capsulated organism is not as 
virulent when devoid of its capsule. Many of the capsulated bac- 
teria lose the capsule when grown on artificial media. The anthrax 
bacillus, for example, is always found to be capsulated when smears 
of blood from an anthrax infected animal are examined, but organ- 
isms grown on laboratory media are without capsules. This is not 
a permanent loss, however, for the capsules are formed when such 
organisms are injected into a susceptible animal. 

Flagella. Fine threads of protoplasm, called -flagella, extend 
from the cell membrane of certain of the bacteria. Such organisms 
are actively motile and, when viewed in a hanging drop, will be seen 
to pass quickly across the field of tlie microscope. This motility is 
easily distinguished from Brotonian movement which is thought to 
be duo to molecular bombardment on the surface of the particle and 
produces a vibrating or oscillating motion. Flagellated bacteria in 
largo numbers are inhibited in their movoment, however, nnc 
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FIG 2 6 — Arrangement of flageltc 
on be ie a 


may give a picture similar to Brot^man mo\cmenl 
necessary to examine motilitj in dilute suspensions 

The presence of flagella is almost cnlirelv limited to the spi 
rilla and bacilh Matilit> Ins l>ccn 
' ■ obser\cd among the co-ci Sar- 

etna agtiis but tint group of or 
ganisms may be generally con 
sidercd as nonmolile Filamcn 
lous bactern are nonfl'igelhtcd 
MotiUly may be seen by 
viewing an organism in a sus- 
pended drop but the flagella can 
not be seen m such a preparation 
Special fixing and staining tech 
me are required to make the 
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cytoplasm. Second, some of the larger types of bacteria have been 
shown to have a small nucleus surrounded by cytoplasm; therefore, 
it has been assumed that all bacteria possess nuclei, even though 
they are too small to be visible by maximum magnification. Barnard 
has shown that microphotographs of bacteria taken with dark-field 
illumination and ultraviolet li^t show structures highly suggestive 
of nuclei. Furthermore, the electron microscope has made it possible 
to learn more about the internal structure of cells. Cell particles 
suggestive of nuclei are clearly seen in electron micrographs of 
bacteria. Third, a reticular network is present in the bacterial 
cytoplasm, and chromatin granules he in the spaces of this network. 
It has been suggested that in sporeforming bacteria this granular 
material is concentrated into the spore which functions as the re- 
sistant state of the organism and which germinates under favorable 
conditions to form the bacterial cell. The refractibilLty of bacteria 
makes it extremely difficult to study their internal structure in the 
usual unstained preparation. So far no satisfactory differential 
staining technics have been perfected to demonstrate the different 
structures in bacterial cells. The firactionation of the various nu- 
cleoproteins of bacterial cells has indicated that true nuclear ma- 
terial does exist. It is not wise to generalize concerning all the 
various types of cells which are included under the term, bacteria; 
it may be possible that some bacteria are composed of one large 
nucleus, that some of the larger and more highly developed types 
of bacteria have one small nucleus similar to those found in plant 
and animal cells, and that still others may have a primitive, diffuse 
nuclear material. 

In some species of bacteria, notably those belonging to the diph- 
theria group or Corynehacteria, small granules are found to be 
stained more intensely than the surrounding protoplasm by the 
basic aniline dyes. Because of the resemblance of these granules to 
chromatin they are called metachromatic granules, otherwise 
known as Bahcs-Emst granules (Fig. 2.7). The nature and func- 
tion of these granules are not known. They are not associated with 
the nuclear apparatus; they do not represent the resting stage of the 
organism; they are not associated with the virulence of the organ- 
ism It 1ms been assumed that they represent a reserve food supply 
for the organism. 

Many of the different species of bacteria present a granular, 
irregular appearance when stained with the basic aniline dyes. The 
Pastcurclla organisms commonly associated with hemorrhagic sep- 
ticomin of animals present a bipolar appearance. Tlic protoplasm 
appears to be concentrated at both poles of the organism, leaving a 
vacuolo-liko, unstained space in the center. The various members 
of the ClostridaiTTj group, especially the blackleg bncjllus, are .stained 
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unevenly, showing that the protoplasm accumulates m various parts 
of the cell 

Among the species of bacteria that live m water are found some 
that contam sulphur granules 
in the protoplasm. Fat glob 
ules and glycogen granules are 
found in some bacteria 

Reproduction of Bacteria 
Under standard conditions nor- 
mal multiphcation of all bac- 
teria is a simple process The 
c^elon gates o r enlarg es, a c ell 
^^“develops across the mid- 
d Up-and the two~cells eith^ 
sepm^ con^Ietely'^ Temam 
attacl^ Jbrmmg the different 

arrangements ^d wmbid' ^e- 
viously JThis process is Icnown 
Itmay.occSr 
considerable rapidity 
SMn ^e organisms m I 'favoraMl 

to form Uvo m- 

rnttltipWat this rate oFgamsm, 

orgaiSsms is extremely high For e»a the number of resultant 
**'= "td of two davs tb^’ ^ •’^ctenum divides 
Ity 2 , a numb er having Iwentv-eiebi^ll represented 

“^“““J^le'SicWtauS Such-rapid muHiph- 

a long period of tune, and wife nrS favorable over 
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spores are somewhat differentiated from the normal cells of the 
plant, and are serial, resembling closely some of the molds 

It has been suggested by numerous workers that gonidia, which 
function as part of the reproduction pr^ ss~in hig hefTiyi^tKmgs, 
are-formed by certain bacteria. ^Gonidia are f orm ed w^hin^the cell, 
'iworfour 7 "of~more i iTeach ceU, and they escape^through the cell 
'^irdFaf^libefat^ upon the" disintegratmn of jhe cell. Develop- 
m'^t'bflnafure bacterid cells from t hese m^inute granules has been^ 
deS'enbecTby numef ous‘ workers, many of whom have suggested 
thdrthe^hidia are filtrahle; so it is possible that the filtrable stages 
of bactefiFi^y be represente^by the^ forms. 

Sexual reproduction has been described^by some investigators 
but d^bted by others By demonstratmg conjugation and showng 
th'at'gonidia result from actuakcontact, a^veryintefeiting life cycle 
for^bacteriannayhe c onstru cteHTbuk^Mnclusive ^idence to show 
tKaOuclTarprocedure existe is still lacking. 

Mahy^hacteria'" produce spores. Although spores, strictly 
speaking, cannofTfe^considered -a'^a:^of re‘pro3ucti6n," ye^t'^fKeyCdo 
play a'part ih th*e"conhnuity of the life of the , organism, jand it-is 
i^ll*tV"discuss spore development in connection .with>reproduction. 

•^^^Jn cfosporggrcommonly referred to as spores, are produced de fi" 
nitel^ y bacilli and posjibly by s dine^^inlJa T" TheVoVci'and fila- 
mexilous forms do not produce ^ores The factors which are re- 
-sp bhsible for th ejormalion of spores are noriKorqughly Underwood 
The process appears to he a natural one for those_ species in which 
it occurs, hut whe n the period of spore formation, in the of Jhe 

organism is reached, environmental conditions appear to hasten 
spore' d evel o pmen t. These environmental facto^rs are; a^ umulation 
of waste products, change^in the reaction_of_the_medium. an d a de- 
crease f or some species or increase_f or othersJji..oxygen_tension. 
The spore is essentially a porhon^f the proto plasm of .the cell, al- 
mosrd^bid "of "water, shrunken in size until it occupies only a 

portion of the s'pace within the celirit'ii surfound^ by a heavy-wall, 
probably chitlnou s i n nat ure. In practically all cases ther^is^but 
ohTspdrc in a cell. THcspore may be equatorial or polar in position, 
greater diameter than the cell which pro- 
duces it (Fig. 2 8) . The position and size of the spore are used in 
the classificjition of sphrGformlng'bacillC'^THe'leiTrrClostntlmm is 
used l<rihdicato a spore-bearing rod in which the spore is equatorial 
and greater in diam eter ;^an that of the coll, resulting in a spindle- 
sHa^cd~cclir ^ennis ra cket or drumstick-shaped colls are produced 
by spdrcslHat are polar and arc greater in diameter than the cell. 

Endosporcs contain only about 20 per cent of water as compared 
with SO io OOlfcr cent in the cells which pr oduc e them An organism 
without a sp<^ IS usually differentiated by the term v egetative rod 
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terial spores 


Types of boc 


or tegetatiie cell Spores are much more resistant to tlosiccntion. 
heat, light, and chemica l 5 _than the xeeetative ceTlT They are oPusc 
m carryin g the org anism o\ or unfavorable conditions but it inusT not 
be assumed t hat this is their main function 
^ ^ ^^re^^Bearmg bacteria arc abundanl in 

^ j the soiH sshere they are exposeil to great 
rang es o f moisture, tempt rature, and light 
When a spore again comes under favor* 
able cond itions Jor growth, it gennmates 
a coll typical of its species 
Germination is accomplished by'an elonga- 
tion of the spore with a resulting stretch- 
2Q\ »ng^and>ursting of the spore wall (Fig 

2 9) Spores may Eermmatccqualonallymtho^memi^nrr 

COLONY CHARACTERISTICS OF BACTERIA 
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inre^lar, greyish, luslerless colonies h,icilh form 
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FUamentous bacteria form a thm tranST^ ’ Blistcnlng 
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The celomes of closely reiSed ^ », and 2 14 ). 
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FIG. 2 10-Colomes of streptococci FIG. 2. T1 -Colony of bacUlI. (From 
(From Nowak. Documenta Microbio* Nowaks Documento Microbiologica, 
logica, courtesy Gustav Fischer.) courtesy Gustav Fischer.) 



FIG. 2.12 — Colony of bocllli. (From FIG. 2.13— Colony of bacteria. (From 

Nowak. Documenta Microbiologica, Nowok* Documenta Microblologlco, 

courtesy Gustav Fischer.) courtesy Gustov Fischer.) 


colonies. Some of the colors found in bacterial colonies are white, 
cream, gold, yellow, orange, brown, violet, and red. Varying shades 
of each color are present in different species. The color of the colony 
has been used often in naming bacteria, for example: Staphylococ- 
cus albus, tlie white staphylococcus; Staphylococcus aureus, the 
golden staphylococcus. Environmental conditions also exert an ef- 
fect upon pigment production, and when pigment-producing organ- 
isms arc grown for some time under artificial conditions, some of the 
bacteria lose the power to form color. 

Early bacteriologists believed that only one type of colony 
could bo produced by a given species of organism. Tliis has been 
proven to be true in general, but certain strains of bacteria have 
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filomentou* bac 
♦er a (From Nowok Oocomerifo Micro- 
oiologico, coortejy Gujtav F«Kh«r) 


been found to undergo a process known as dissociation or ^ anation, 
m which a colony entirely different from the original one may be pro- 
duced The most common type of dissociation is that from a round 
convex, smooth, fmcly granu- 
" lar, and entire typo of colony, 

commonly designated S, (Fig 
\ / 215), to an irregular, flat, 

rough, coarsely granular, un- 
dulate, and dull ty^H? of colony, 
commonly designated R, (Fig 
216) The organism in the S 
colony shows many character- 
istics of physiology and viru- 
lence which may be absent in 
organisms m the R colony. This 
dissociation may be caused by* 
some environmental efTect, 
such as lack of nutrition, which 
may be temporary , or it may be 
stood, which cause a * caused by factors not under- 

sociative types of colomes mav'L formed dis- 

ter colomes m the original moAer E^owmg as small dau^i- 

of the mother colony I"" » sector 

•he growth flowroL r 'hat 

hlted, hate been desS.^ ^ Ph>te .s 

a normal characteriMic of some strain tha' dissoeiation is 

themdusion of the dissociatwet^S^lt' haa necessitated 

Colomes having a moth-eaten anne ^®^P'‘“n of organisms 

^ IS caused hy the action of bactera^r"’ desenhed 

m bacteria, resultmg m the lys^^rd "'h'ah grows 

the colony and dmappearance of sections of 

MO^OtO^O.y,^,ORSACC„Ago«YcnES 

then- repro'dneliTn ChnlS^f^r”^ -nanthology and 

*th^ a type oTplanfmTm 

ouienvise are similar to 
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Shape, Size, and Grouping. Yeasts are unicellular organisms 
which may be spherical, elliptical, or cylindrical in shape. The size 
of yeasts vary with the different types of morphology. In general, 
they are larger than bacteria, 
although some of the larger 
bacteria and the average yeast 
cells may be the same size, 4 
to 5^ m diameter. Most of the 
true yeasts occur as individual 
cells; however, the newly 
formed daughter cell having 
developed by the budding proc- 
ess may cling to the mother 
cell for some tune. Some species 
of yeast form into long threads 
giving rise to a mycehum when 
a mass of them becomes tangled 
together. These yeasts are much 
like the molds in this respect 
Yeasts grow in a variety of 
types of colonies The pathogenic varieties, however, form opaque, 
viscid colonies on solid media 

Structure of the Yeast CcH. The usual structures found in 
plant and animal cells are found in the yeast cells, as can be seen 
in Figure 217. The ectoplast, or limiting membrane of the cell 



FIG. 2.16 Salmonella pullorum, varlont rough R colony, X 25. (Courtesy 
Von Roekel.) 



FIG. 2.15 — Salmonella pullorum, nor- 
mol smooth S colony, X 125. (Cour- 
tesy Von Roekel.) 
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protoplasm, forms first and from it the cell membrane develops 
In old cells it is quite distinct The cell wall is composed of a car- 
bohydrate-mtrogenous substance to which the name yeastcellulose 
has been given Capsules are found covering some species of yeast. 
Yeasts are nonflagellated 



.7 
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Eeproduction o£ Yeasts. The majority of the yeasts multiply by 
budding. In this process, a small bud develops from the cell wall of 
the mother cell, containing all the essential structures of the mother 
cell; it gradually increases in size, de- 
velops a cell wall, and is constricted off 
as a distinct individual. Mature yeast 
cells may produce numerous buds 
when the environment and food supply 
are favorable. 

The production of ascospores by 
yeasts is different from the production 
of endospores by bacteria. A tj^ical 
yeast cell produces eight spores while 
only one spore develops in the individ- 
ual bacterial cell. The formation of the ascospores in yeasts does not 
appear to be influenced by the factors operative in stimulating spore 
development in bacteria; therefore, it would appear to represent a 
reproductive process more than a resting stage in the life of the cell. 
Ascospores are formed only when water is present, when the cell 
is well nourished, and when the temperature is around 25®C. The 
ascus may result from the fusion of two mature yeast cells which act 
as gametes; the contents of one cell pass into the other through a 
minute tube or copulation canal. The nucleus of the newly formed 
cell divides into the required number of parts to form ascospores, 
each of which, together with Us surrounding protoplasm, becomes 
surrounded by a membrane (Fig. 2.18) . 


3 Ascospores of the 
yeost cell. 


MORPHOLOGY OF THE MOLDS OR HYPHOMYCETES 

All of the fungi that grow in a colony composed of loose cottony 
threads are classed under the general term of molds, and are 
grouped together as Hyphomycetes. Some of these forms are re- 
lated to the blue-green algae and arc placed with the Phycomycctes; 
others are grouped with the Ascomycetes; others are related to the 
smuts, rusts, and toadstools or Bosidiomycetcs; others are not well 
defined in morphology and arc put with the imperfect forms, the 
Fungi Imperjccti. 

Molds are multicellular organisms and, consequently, are easily 
distinguished from the bacteria and yeasts Tlie mold plant is made 
up of a tangled mass of lhread.s called a mycelium (Fig. 2.19). Each 
thread of the mycelium is called a mycelial thread or hypha (plural, 
fij/phac). Tlio hj^phao arc designed for two purposes: The vogola- 
tivo hyphne arc for the purpose of supplying nutrition to the mold 
plant, and the fertile h^phao arc diflerentiatod for the purpose of 
reproduction in the process of spore formation. The hyphne of most 
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ol the common molds have numerovis cross walls, kno%vn as septa, 
dividing one cell from another. Certain species of molds, however, 
are nonseptated. All molds may be classified upon the basis of this 
characteristic into septated and nonseptated molds. 

The cells of the mold are much like the higher plants. The cell 
wall is composed of chitinous material. The protoplasm of the cell 
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The sporangium is formed on the tip of a branch, sporangia- 
phorCy from a specialized hyphal thread designated for reproductive 
purposes. The tip gradually increases in size, forming the columella, 
and the spores are formed and are held in the spore case until ma- 
turity. When fully ripened, the sporangium breaks open, as does a 
pea or bean pod, liberating the spores. 



In the formation of conidia the hypha designated for reproduc- 
tion is called a conidiophorc. The conidia or spores are formed at the 
tip of the conidiophorc. Two morphologic tjises of conidiophores arc 
observed in the common molds (Fig. 2.20). In the PcnicilliuTn molds 
the conidiophorc branches at the end, and from the tip of each 
branch the conidia develop, forming long chains. The brandies of 
this conidiophorc are close together so these and the long chains of 
spores of the fully developed conidiophorc give a brushlikc appear- 
ance. The term Pcniciniwm comes from the Latin word meaning 
small brush. In the Aspergillus molds n bulbliko enlargement, the 
bastdium, forms at the tip of conidiophorc; small projections, .Tferip- 
mata, are formed, completely covering the basidium, and from these 


38 Veterinary fiocferiofogy and Viro/ogy 


the conidia are formed These spores, likewise cliriR tof ether nnd 
form m long chains which completely cover the end of the conidio- 
phore Great numbers of spores, or conidia, are formed by each 
of the above methods This fact 
explains why molds are so pro- 
lific 

Oidia are formed by the 
breaking up of the hypha into 
sporehke segments liiese seg- 
ments are considered bj some to 
represent resting stages of the 
cell, although they seem to possess 
all the properties of spores Some 
of the fungi, particularly the fun- 
gus of grain smut, form spores 
known as chlamydospores There 
IS no strict Ime of distinction be- 
tween the otdia and cfilamydo- 
spores however, the latter are 
° ^ sf'd thick- 

walled They are formed at ir- 
regular points along the hyphae 
do not appear to be the re- 
ult of a segmentation process o.cibiq j 

Kptaledvariebes.of whlAMu^m “mong the non- 

faim as the result of the fusion of twoT°'r “ ^Vaospares, 

‘■ated parts of the mold plan, 

B The ceU wall then begins to de„ * ° ^uspensors takes place, 
^ygospore, C and D, stiuS ° ^ ftmtag the 

*1 4Tyro'“'““'' “y -old 

The 

S“-r —.-S “"-X .1."; 



1I01.0W7 ft""'""’ of ••root fertil. 
Iiotioo ol Mucoi mtiiedo CAfler 
Breteld ) 
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Molds are not of any great significance as causes of disease One 
species, Asperg^U^ts fumigatiis, is found in numerous species of mam- 
mals and birds where it causes a pulmonary condition known as 
aspergillosis A few of the ill-defined species of molds are parasitic 
on the skin of man and animals where they produce a condition 
commonly known as ringworm 
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The Physiology of 
Microorganisms 


•fte simple merpMos; <it mictooreanisms ma, lead to Ite a^ 
somptoP IhatttiBs physiology K not particularly complex This is 
pot true because a smglo species of organism may produce a num- 
ber o! uatied changes m a number of varied food substances If It is 
assumed that the physiology of a microorganism includes all the 
mterrelationships belwceu it and its environment, it must bo con- 
eluded that its physiology is a most complex study 

Bacteria are composed ot \anous organic substances ono 
enzymes The interrelationship o{ these with nutnonl materia 5 
initiate complicated chemical reactions As a result o! these chomi" 
cal reactions microorganisms are supplied with energy which 
enables them to reproduce Numerous immediate emironmcntal 
influences may affect the growth and metabohe activity of the 
organism consequently bacteria and related forms of life arc able 
to cai^e numerous and varied types of changes m the medium m 
which they grow Many of these changes are complex and not com 
pletely explained others are well understood and are used b> man 
as an aid to better living The assimilation of simple inorganic sub- 
stances the fermentation of carbohydrates the splitting of proteins 
and the conversion of fats are all used m a variety of ways and for 
difierent purposes Diseases are the expressions of specialized types 
of chemical changes produced by bacteria and their products in 
living tissues 

In the discussion which follows the physiology of microorgan 
isms will be considered under the following heads Chemical Com 
position Growth Rates and Death Rates Physico chemical Factors 
Mucucing Growth Food Helationships Changes Produced 

CHEMICAI CONlPOSniOH OF MICROORGANISMS 

The food needs and metaholisin of bactena aie better under 
uhht “mposilion ot the cell m known The food 

utdized by bacteria roust contain the elements needed for the huild 
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ing of cell substance which will be used to maintain the structure of 
the cell or serve as a source of energy. 

The size of microorganisms and their close association with the 
media in which they are grown have been the most difficult barriers 
to overcome in the determination of their actual chemical composi- 
tion- Two general methods of studying the chemical composition of 
bacteria are followed. Microscopic methods employ the use of rea- 
gents which give definite color reactions when in contact with 
certain cell constituents; selective action of dyes reveals the presence 
of various substances within the cell; chromolysis, as proposed by 
Unna, includes the use of dyes that stain the various cell parts which 
may then be dissolved. In macroscopic methods, masses of cells are 
collected and subjected to chemical analysis. Masses of cells are 
collected from the surface of solid media or sedimented or centri- 
fuged from liquid media. It is obvious that large numbers of cul- 
tures must be made in order to yield a harvest great enough for 
qualitative chemical analysis, and even more cultures are necessary 
to determine the proportions of the various chemicals in the bac- 
terial mass. The factor of the medium in which, or on which, the 
organisms have grown must be considered. Thorough washing may 
remove the medium from the outside of the cell, but will not remove 
that which has been absorbed and which is not a necessary part of 
the cell. 

Washing presents a problem in that some of the substances may 
be removed from the cell by the process, especially when distilled 
water is used. Results o! chemical analysis should always be accom- 
panied by the composition of the medium in which the organism has 
been grown, and the organism should be grown on various media in 
order to obtain its definite chemical composition. 

Water. Bacteria, in common with other cells, have a high water 
content. Most of the species which have been examined have a 
moisture percentage between 75 and 85. A low of 73.3 per cent for 
Bacterium coli has been reported by Nicolle and Alilaire, and a 
high of 98.3 per cent for Acetobacter (mother of vinegar) by Low. 

Fulmer found the average moisture content of yeast cells to be 
approximately 73 per cent. Molds contain about 88 per cent mois- 
ture. The spores of molds contain about 40 per cent water, and the 
spores of bacteria approximately 20 per cent. 

Total Ash. Apparently the ash content of different tjTses of 
microorganisms is subject to considerable variation. Bacteria range 
in ash content from 2 to 30 per cent; tubercle bacilli possess 2,G to 
G.O to 12.2 per cent. Mo.st of the inorganic constituents of plant life 
have been found in bacteria. Phosphorus (phosphorus pcnto.xido 
R2O3) is present in higher percentages than any of the other con- 
stituents such as soda (Na-O), magnesia (MgO), lime (CaO), 
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.Una (SrOr). sulphur triorddo (SO,), ohlonno (Cl), nnd Iron oxide 


Proteins. The total protein content ot 
subject to vnde variations, depending upon the type J 

Ihe medium, and the method oi determination. , 

as U 2 for Acetohacter and as high ns 81.16 to 02 55 for the g a 

have been recorded. It is mth« dimcultto f-;" 
tor bacteria, in general. Yeasts, likewise, have been recorded as 
varying between 28 to 63 per cent and molds from 10 to ' 

As m plants, the bacterial protein is of several types •which rnay 
be divided for Ae sake of discussion into simple proteins, amino 


acids, and nucleoproteins. 

The simple proteins which are present in bacteria are relatively 
\mknown. In only a few instances have certain species been investi- 
gated. Salkowski reported the presence of two proteins in a gelatin- 
decomposing organism, one a proteose (albumose) and the other n 
globulin Greater consideration has been given to the chemical 
analysis of yeasts and molds than to that of bacteria. Yeast cells con- 
tarn globulin and albumin and contain, also, protamms, albuminoids, 
histmes, glycoproteins, phosphoproteins, nucleoprotcins, Iccllho- 
proteins and their derivatives, proteoses, peptones and polypcptlds. 

Many of the ammo acids have been found to be present in bac- 
teria Some have been found in one type of organism and some in 
another Those which have been reported are arginine, histidine, 
lysme, ammonia, tyrosine, leucine, iso-leucinc, 1-proUne, valine, 
tryptophane, and 1-phenylalinlne. Most of the amino acids have 
been found m yeasts, although numerous ones have been found in 
molds 



The Physioiogy of Microorganisms 43 


cell walls of bacteria suggest that cellulose may be present, exact 
chemical studies have failed to reveal it. The cell walls of bacteria, 
yeasts, and molds are composed, however, of polysaccharide materi- 
als which, for the most part, are pentosans. 

Various species of bacteria produce a slimy covering when 
grown in suitable substances, such as milk. This slimy material is 
composed of carbohydrate in the nature of gum. Although it is of 
definite importance in various industrial processes, it has not been 
responsible for great interest until recent years. 

The polysaccharide substance in bacterial membranes, and 
especially in the capsules, is becoming the basis upon which many 
organisms are differentiated. The pneumococci of man are divided 
into approximately 32 types on Ihe basis of antigenic specificity, 
which undoubtedly is caused by the variety of polysaccharides 
present in the capsules of tliose organisms. Then, too, the problem 
of virulence apparently is allied closely with the carbohydrate sub- 
stance of the bacterial cell. The exact chemical structure of this 
polysaccharide (soluble specific substance) is not known; it is 
allied with the polymers of glucose-glucuronic acid, some of which 
contain nitrogen while others do not. 

Fats, Waxes, and Lipoids. A large group of fats, waxes, and 
lipoids, with their related substances, are extracted from bacteria 
by the use of various fat solvents. The presence of such substances 
in bacteria may also be shown by using osmic acid, Sudan III, or 
other chemicals which stain the fat in the bacterial cell. 

The percentage of fat varies considerably with the species of 
microorganism. Figures ranging from 1.56 to 40 8 per cent, dry 
weight, have been recorded. The tubercle bacillus has been thor- 
oughly studied because of its waxy covering; hence, much of the 
information concerning this type of diemical substance is based on 
the analysis of this organism. The glanders organism has also been 
shown to contain a high percentage of ether extracts. The presence 
of such substances in these two species of microorganisms is of 
pathological interest because of the nature of the lesions produced 
in diseased tissue. The injection into animals of fatty acids obtained 
from the phospbatidcs of the tubercle bacillus has produced the 
formation of tubercles and an increase of mononuclear leucocytes. 
The tubercle bacillus also contains a polysaccharide in the phos- 
phatide fraction which appears to serve as an antigenic substance. 
The injection of phosphatide has been shown to produce tj^pical 
tuberculous tissue in normal animals. 

The wax in acid-fast bacilli has been thoroughly studied also. 
Tamura found it contained an alcohol which he named mykol. This 
material is acid-fast and stains Gram-positive. Upon saponification 
it yields an unknown substance and crotonic and-'^oerotonic acids. 
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An increase m fibrous connective tissue has been reported fo^o^v mg 
its injection into animals 

Bacterial Pigments Most of the species of bacteria possess 
coloring matter of some type whidi is manifest i\hcn large numbers 
of cells are together in colonies, and when thej are grown on cer- 
tarn types of media, such as potato 

The exact chemical structure of these pigments is not kno\«.'n 
^cause the collection and purification of them is very difficult 
The pigments vvhich have been studied have been grouped vsith 
^dar materials on the basis of chemical tests, which arc obtained 

m bacTer found 

o“ngtrd;:r“^ of .he md 

of pigment is urater soluble and belongs*^to^t°hlf 

abundant m fruits and plants anthocynnins so 

protTpEm^'^suTi' Scterl"'”* of the cell 

sulphur granules m Beggialo?'’SiTLl"’ ^“’P''“'' “iB 

present m the cell walls of certam hac^ 

be present in the sheaThs wh.^ '‘"1“ f ““y 
produce eitracelluiar pigments soto"*"? bacteria 

the cell as m the case of SerralJT ' “P'^PmuIato about 
“to the surrounding media This latl'^'r^’ diffuse 

fluorescent nuorescence, as was noi a' ” bactena are called 

other Substances Th 

especially m vpa f i! ^ ^ Waterial which H however, 

The nrp ^ ** h'om which it ha«! w. stimulate gro\vth, 

s?55 vi? 

fcund '^eTea?L°7^“‘°^r<Sam“i Thiobaelenalcs, 

the s<«nne4 • W hTeterfa” a 
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present in water supplies with a high iron content. Crystals of 
calcium carbonate and calcium oxalate have been found on the 
sporangia of molds. 

Enzymes are a part of the chemical composition of microor- 
ganisms. These substances are better known by what they do 
than by what they are; therefore, a discussion of them is given 
later in the chapter. 

GROWTH RATES AND DEATH RATES OF MICROORGANISMS 

The various physical and chemical agencies manifest their 
action upon microorganisms by their effect upon the rate of growth 
and death. Before these agencies can be discussed adequately, 
certain general considerations concerning rates of growth and death 
must be presented. 

Bates of Growth. When bacteria, or other organisms, are 
planted in a suitable culture medium and optimum conditions for 
growth are maintained, the bacteria soon reach a maximum rate of 
growth. This can be measured best by determining the average 
length of time required for an organism to grow to its full size, 
divide, and form two individuals. This has been termed the genera- 
tion time. It is the average time elapsing between cell divisions. It 
may be most conveniently determined in any given case, not by 
watching the bacteria under the microscope, but by counting the 
number of living cells present in a given amount of culture after 
varying lengths of time. It is evident that the shorter the generation 
time, the more rapid is the rate of multiplication. Any factor, there- 
fore, which tends to shorten the generation time increases the rate 
of growth. 

The actual length of the generation time may be determined if 
the bacteria are definitely multiplying at a uniform rate, that is, that 
the cultures are not too young or too old; this may be determined 
by counting the bacteria at the beginning and at the end of a given 
period. It is evident that if one starts with a single organism, at the 
end of the first generation period there wll be two, at the end ot 
the next four (2=) , at the end of the next eight (2®) and so on. If n 
represents the number of generations, then there wall be at the end 
of the n*' generation period 2" bacteria. If B represents the number 
of bacteria at the beginning, and b the number at the end, then 
b=:B2« 

If b and B are known, their values may be substituted into the 
equation, and the value of n may be determined by solving tlie 
equation. 

Careful studies ot bacteria growing in culture media show 
tliat tile length of the generation time does not — * 
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throughout the time of cultivation When bacteria are first planted 
m a culture, particularly if they have been taken from an old cul- 
ture they frequently grow slowly at first As they become accus- 
tomed to their environment, they multiply more rapidly After a 
tune the maxunum rate of growth occurs Still later the bacteria 
become crowded and the rate of growth dunmishes, and finally the 
bacteria cease to grow and begm to die 
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structive than the first. It will be noted that the time required to_ 
kill half the bacteria is mathematically converse to the generation 
time. 

In summary, all effects of environment upon microorganisms are 
manifest in growing cultures by changes in the length of the genera- 
tion time, changes in morphology, and in the physiological and cul- 
tural reactions. Likewise, the effect of environment will be noted 
upon the death rate by observing the length of time necessary to 
kill a definite percentage of the microorganisms present. 

The Growth Curve. When a bacterial culture is observed care- 
fully from the time that it is removed from a stock culture until it 
has passed through its growth in the new culture, it will be found 
to pass through a nxmiber of definite phases of growth. These 
groioth phases have been the basis of much investigation, for 
knowledge of them aids in the study of the morphology and physiol- 
ogy of the organism. Various interpretations have been given con- 
cerning the different phases of growth in a bacterial culture. The 
curve presented in Figure 3.1 representing the phases of growth 
Is considered typical by most authorities. 

PHYSICO-CHEMICAL FACTORS INFLUENCING THE 
GROWTH OF MICROORGANISMS 

Moisture. Since a high percentage of the bacterial protoplasm 
is composed of water, it is apparent that moisture is one of the most 
important substances for the optimum growth of bacteria. The 
optimum condition for growth in most cases is saturation; however 
bacteria vary in their response to moisture. The streptococci grow 
only when the medium is moist, while tubercle bacilli grow abund- 
antly on a medium which is quite dry. 

The morphology of some microorganisms and the arrangement 
of the cells may be different in fluid media and on solid media. 
Streptococci grow in long chains in fluid media while the chains are 
short on agar surfaces; and some types of bacteria are elongated 
rods in fluids and more coccoid on solid surfaces. 

The amount of moisture in solid media is important in the 
study of the colonies of bacteria. When the medium is very moist, 
the colony has a tendency to spread, but it remains quite compact 
when the medium is dry. 

Temperature. The ovtimum growth temperature is that which 
most favors the development of the microorganism, that is, that 
temperature which gives the shortest generation time. The optimum 
* varies with the species. A few organisms found in the ocean, in cold 
waters, and in alpine regions prefer a low temperature from 0° to 
15®C. These are called psychrophilic. Those whicli prefer a some- 
what higher temperature are called mesophiltc; these may be again 
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subdivided into those that prefer a “room” temperature of 18° to 
25°C , and those that prefer blood heat (man, 37 5°C ) for the most 
parasitic forms Temperatures such as are found m hot springs, 
mterior of compost heaps, and m milk pasteurizers, ranging from 
50° to 70°C , favor the development of thennoplitlic bacteria Fisch- 
er has summarized the relationships of bacteria to temperature as 
given m Table 3 1 
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most of the other types grow best in the absence of light. Light, 
especially sunlight, has an extremely harmful effect on bacteria, 
as will be discussed in detail later. 

Oxygen Relationship. Up to 1861, when Pasteur discovered 
that bacteria grew without air, it was assumed that bacteria, as 
plants and animals, must have a supply of free oxygen for growth. 
This discovery marked a point of departure from many theories in 
biochemistry, especially the biochemistry of microorganisms. Res- 
piration had been considered to be the process by which oxygen was 
taken up and carbon dioxide was given off in the body and was in- 
timately connected with the formation of energy from food used by 
living cells. This conception did not altogether fit the respiration of 
plants nor did it fit the process whereby bacteria which grew with- 
out air obtained a source of food which they could utilize for en- 
ergy. Respiration, then, was defined to mean the process whereby 
growth energy was obtained from food by oxidative processes. It is 
apparent that all organisms secure energy through the interactions 
of chemical compounds. Oxidation appears to be the most important 
of the reactions whereby energy is released and made a part of cells. 
This may take place in the presence of free oxygen or in the absence 
of it. Buchanan and Buchanan aptly state: ^ 

. , . most cellular oxidations involve the removal of hydrogen from com- 
pounds rather than the addition of oxygen to compounds. Biological 
oxidations, in other words, are dehydrogenations. But it is a chemical 
axiom that whenever an oxidation occurs there is a simultaneous reduc- 
tion. In other words, il cells oxidize their food hy removing hydrogen 
from it, they must st the same time reduce something else by adding the 
hydrogen to it. Any substance, sudi as food, which the cell oxidizes by 
removal of hydrogen is called a hj/dropen donator; any substance to 
which the cell transfers the hydrogen is called the hydrogen acceptor. 

The cell secures the energy for growth and movement by this continuous 
process of hydrogen transfer. 

Microorganisms may be divided into three groups on the basis 
of oxygen relationship. The first group is composed of all those 
which grow only in the presence of free oxygen; in other words, 
they use oxygen as the acceptor for the hydrogen taken from food 
materials in direct oxidation. These microorganisms are aerobes. 
The second group is composed of those forms which grow in the total 
absence of free oxygen. They arc known as anaerobes. This group 
of microorganisms must use some material other than oxygon as the 
hydrogen acceptor. This material must bo one that may be reduced. 
Some bacteria arc able to utilize carbohydrates for this purpose, 
others proteins, others nitrates, and some sulphates. The exact rea- 
son for this is not knowm, although two plausible explanations have 

»R r.. Uitchanan nnd Eitelle Buchanan. Daeieriotoov. 4th Ed. The Macmillan Co. 
hew York. p. XM. 
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been advanced- Hydrogen peroxide is formed when oxygen serves 
n hydrogen acceptor. This is known to be toxic to bacteria. The 


as an hydrogen acceptor, inis is Known to be toxic t« 
reason why aerobic forms are not affected is due to the formation of 
catalase, an enzyme, which breaks HjOj to oxygen and water. The 
strictly anaerobic bacteria do not form catalase; hence they are un- 
able to live in the presence of free oxygen due to the formation of 
hy^gen peroxide. The other explanation is based upon the 
oxidation-reduction potential of the medium in which the organisms 
Me growing that is, the ratio of oxidized and reduced substances, 
^is potential may he measured electrometrically or by indicators, 
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the organisms to alkaline products. Since bacteria are so sensitive 
to hydrogen-ion concentration, the medium in which they are to be 
gro^vn should be carefully adjusted to the desired reaction. 

The Effect of Chemicals. Microorganisms may be influenced in 
movement and growth by the various chemicals in their immediate 
environment. 

The effect of a chemical upon the movement of organisms is 
called chemotaxis. This effect may be of two different types. "When 
an organism is attracted in its movement toward a chemical sub- 
stance, the reaction is known as positive chemotoans. An example 
frequently given to illustrate this is the movement of organisms 
toward a bubble of air in a medium held between a glass slide and 
cover glass. In case the organisms are repelled from a chemical, it 
is known as negative chemotaxis. 

Organisms which are not motile, those which grow in a colony 
or mycelium, may be affected in their direction of growth by chemi- 
cals. This phenomenon is known as chemotropism. Numerous ex- 
amples of specific types of chemotropism may be observed in nature. 
Plants which require sunlight for maximum growth, but are grown 
in the shade, will grow toward the optimum light source. This is 
known as Heltotroptsm. Molds, growing in an enclosed dish will 
grow toward a source of moisture. This is an example of hydro- 
tropism. Many of the sporeforming hyphae of molds, however, will 
distinctly grow away from a source of moisture, negative hydro- 
tropism. 

Since chemicals are the basis of all the effects upon the growth 
processes of microorganisms, and act as foods, it is logical to consider 
the subject under a separate heading. 

THE FOOD RELATIONSHIPS OF MICROORGANISMS 

General Discussion. Bacteria are able to use the most diverse 
substances for food. Different types of organisms have adapted 
themselves to utilize some foods more than others. Some are able 
to live on comparatively simple foods; others utilize carbohydrates; 
still others prefer proteins. Many live upon lifeless foods, and a few 
grow only on living protoplasm in which they bring about changes 
known as disease. 

Some bacteria, classed under the general term autotrophic, are 
able to manufacture their own food out of simple chemicals. Ihe 
utilization of simple foods by bacteria is brought about in two ways. 
Some are able to oxidize various inorganic compounds, such as sul- 
phites, nitrites, and ammonia, into substances which are used as a 
source of energy. Such organisms are called chemosynthetic. Other 
bacteria, those which contain a red or purple coloring matter kno\vn 
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as hacteriopurpunn, are able to use light as a source of primary 
energy and, like the plants containing chlorophyll, are able to sjTilhe- 
size their own food. These organisms arc called pkotosi/nthctic. The 
sulphur bacteria (Thiobactenales) are typical of this group. 

Most of the microorganisms which are of any significance in 
commerce or m disease are able to convert the complex organic ma- 
tenals, which have been built up by other living things, to simple 
substances which may be used as a source of energy'. They are 
heterotrophic It has been shown that autotrophic bacteria are able 
to cause caxbon-to-carbon linkage when the source of both carbons 
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take place on and iust under the surface of the earth. They serve to 
maintain the equilibrium between the plant and animal kingdoms 
which is so essential to both. The changes brought about are con- 
sidered so important that both plant and animal life would quickly 
cease to exist if all bacteria should perish. Life then, of necessity, 
would be required to begin, as it once probably did, with the primi- 
tive forms, the autotrophic forms, and again build up a complex 
system of living things. 

Enzymes and Tlicir Action. The majority of the metabolic pro- 
cesses of bacteria are due to the action of enzymes. Although the 
general characteristics of bacterial enzymes are the same as those 
of other types of living cells, it is expedient to review them briefly. 

An enzyme is an organic catalyst secreted by a living cell which 
initiates a chemical reaction without being a part of the resulting 
product or being consumed during the reaction. Enzymes have not 
been sufficiently separated from proteins to have their chemical 
composition determined; some are colloidal; most are soluble in 
water; they are precipitated by ammonium sulphate; they are ad- 
sorbed by solid particles; their optimum temperature for action lies 
between 35® and 50®C.; they are destroyed by temperatures above 
70®C. in a short time; they are inactivated by light; strong acids and 
alkalies are destructive to enzymes. Many enzymes survive the con- 
centration of a disinfectant which may destroy the parent cell; 
hence, antiseptics may be used to inhibit the growth of the parent 
cell and allow the study of the enzyme. 

Enzymes may be intracellular or extracellular. Many of the 
food substances used by microorganisms cannot be utilized in the 
native form. The extracellular enzymes diffuse from the cell and 
convert such foods into simpler materials which may be assimilated 
by ffie cell. Such food substances may not be in a form readily used 
by the cell as a source of energy and growth; consequently, they 
must be converted by intracellular enzjnnes into material which 
immediately becomes a part of cell protoplasm. Extracellular en- 
zymes which diffuse from the cells and accumulate in the medium 
may be separated from the cells by filtration. This allows the study 
of the specific action of certain enzymes. Intracellular enzymes, 
however, cannot be separated from the cell except by mechanical 
or natural disintegration of living cells. 

Some enzymes are both anabolic and catabolic in action. They 
are able to synthesize chemical compounds into complex substances 
which form cell protoplasm; they then cause a reverse action and 
bring about the disintegration of that which they have constructed. 

Enzymes may be divided into two groups on the basis of the 
type of chemical reaction which they are able to initiate. The first 
group, known as hydrolases, acts either by the addition or removal 
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of water The second group, called oxidases, acts bj oxidation or 
reduction Each group is subdivided into numerous subgroups on 
the basis of the material upon which the cnzj'mcs act Enz5rmcs arc 
named m two general ways One method is to use the name of the 
type of action produced The ending -ase is always used For ex- 
ample, an enzyme may cause the decomposition of saccharose by 
the addition of water 

+ HjO + Invertase = C,H,;0« + CtH,.0, -i- Invertase 
dextrose lexutoo 

The enzyme mnertasc is a hydrolase giien a spccrfic name m this 
mstmee because it causes an inversion oi saccharose Another 
method of nammg an enzyme m to give it Ihe name of the material 
affected hy the enzyme, hence the terms protease, carbohydrate, 
and lipase are familiar 
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ucts formed are very unstable and are quickly converted into other 
substances. By discovering the various unstable products formed 
during a process of fermentation, the complexity of various reac- 
tions has been revealed. 

Many of the metabolic reactions produced by bacterial enzymes 
are used in the study of pathogenic bacteria. The products of such 
reactions are useful in the classification of bacteria, and many of the 
products play an important role in industry. 

Types of Food Materials. The action of enzyme systems on 
various compounds has been determined for different industrial 
processes. However, the complexity of the food materials found 
in the animal body makes it difficult to ascertain the various nutri- 
ent materials utilized by pathogenic bacteria. The chemical struc- 
ture of these bacteria, the various enzymes produced by them, and 
the products of their growth make it evident that their food neces- 
sities do not differ greatly from other living cells. 

Reference has been made previously to the oxidizing ability 
of simple forms (autotrophic). There is little doubt that oxidation 
provides an important means by which all bacteria make certain 
food materials more suitable for their source of energy; therefore, 
any carbon or nitrogen compound can serve as a source of food for 
most pathogenic bacteria. From these foods the essential building 
stones, carbon, nitrogen, oxygen, and phosphorus are obtained and 
are reconstructed by the metabolic processes of the bacterial cell 
into individual protoplasm. Since each species of bacterium has its 
own enzyme system, the chemical composition of the protoplasm is 
specific for each species. The importance of this composition will 
be evident in the discussion on immunity. 

All pathogenic bacteria do not require media in which the essen- 
tial elements are present. Tissues, tissue extracts, blood serum, and 
whole blood are universally used to support the growths of most of 
the bacteria producing disease in man and animals. 

Growth Accessory Substances. The stimulation produced by 
tissues and tissue fluids has been a subject of considerable investi- 
gation. This has been particularly true since the importance of the 
vitamins in the growth of animals has been proven. The substances 
commonly called growth accessory substances may be termed 
bacterial vitamins. Most materials which are stimulating to bac- 
terial growth are those of the Vitamin B complex, especially thia- 
min, riboflavin, pantothenic acid, and nicotinic acid. However, such 
substances as glutamine, pimelic acid, adenine, and uracil have 
been found effective. 

In the early studies of the influenza bacillus it was found that 
whole blood was essential for growth, hence, the genus name 
Hemophilus. It is now recognized that two factors, one, called “X” 
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where its presence is essential; likewise, in the fermentation of silage, 
lactic acid is one of the most important acids formed. 

The fermentation of tiie sugars of fruit juices, particularly 
apples, to form acetic acid, or vinegar, is of common use. The bac- 
terium responsible for the oxidation of the alcohol, formed in the 
initial step of fermentation, is called Acetohacter aceti. The organism 
is wdely distributed in nature, which explains why fruit juices sour 
quickly when exposed to the air. In the commercial manufacture of 
vinegar, the juice is inoculated with a culture of the organism 
known as “mother of vinegar,” a mass of organisms held together by 
the capsule which surrounds each cell. 

Butyric acid is formed by the action of certain sporeforming 
anaerobic bacteria on carbohydrates. These organisms are preva- 
lent in soil; so there is ample opportunity for them to contaminate 
most food materials. Butyric arid imparts a disagreeable odor to 
the medium in which the organisms are grown, and for that reason 
is of economic significance. The spores of the organism enable it to 
resist heat which usually kills other forms of bacteria. Bacteria 
which form lactic acid and acetic acid inhibit the growth of butyric 
acid bacteria, but both lactic and acetic bacteria are killed by heat; 
this permits the growth of butyric arid bacteria which are found in 
canned peas, beans and corn, milk, and in milk products where the 
flavor produced is totally undesirable. The butyric acid bacteria 
may be used, however, in certain industrial fermentation processes 
in which the by-products of the organism are desired. Other anaero- 
bic organisms similar to the butyric acid bacillus are able to pro- 
duce butyl alcohol from starch. 

Other acids, such as citric, formic, oxalic, fumaric, and valeric 
are produced by the action of various microorganisms on car- 
bohydrates. 

Fermentation of Fats. The fats, as a general rule, are not acted 
upon by the enzymes of bacteria. Hydrolytic changes do occur 
in certain fats, notably butter, where the enzyme lipase causes 
the conversion of butterfat into glycerol and fatty acids. These in 
turn, particularly glycerol, may be converted into butyric acid land 
related compounds which impart the rancid flavor found in butter 
manufactured under insanitary conditions. The salt in butter in- 
hibits the growth of these microorganisms and serves as a preserva- 
tive. ,• 

Hydrolysis of Proteins, Proteins in the solid or colloidal 
state cannot he utilized by microorganisms as a source of foodj 
consequently, they must be converted into simple substances which 
are easily assimilated. Most proteins are decomposed by a series of 
hydrolytic changes brought about by various t3q5es of micro- 
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tein cleavage, such as phenol, skatol, and indol, are detected by 
suitable tests and are useful in identifying bacteria. 

Reduction of Inorganic Compounds. Many of the inorganic 
compounds which are common in nature are reduced by various 
types of bacteria. One of the best examples of this type of bacterial 
action is found in the reduction of nitrates under anaerobic condi- 
tions, and in the presence of organic matter such bacteria are able 
to utilize nitrates as a source of oxygen. Nitrates are reduced to 
nitrites, and the nitrites in turn into free nitrogen gas. This process, 
known as denitrification, is one of the processes by which plant food 
is made available. In the laboratory it may be shown to be a func- 
tion of many different species of bacteria; the nitrate reduction 
test, in which nitrite is detected, is one of the common methods used 
as an aid in differentiating organisms. 

In a similar manner, sulphates are reduced to sulphides. This 
process is observed frequently in sewage disposal plants if the 
water of the city contains a large percentage of sulphates. 

Oxidation of Inorganic Compounds. Some of the inorganic 
compounds, notably those of sulphur and iron, are oxidized by 
bacteria for the purpose of obtaining energy for growth. Hydrogen 
sulphide, which is common in mineral springs of many regions, is 
oxidized by a type of sulphur bacteria, Beggiatoa, with the forma- 
tion of free sulphur and sulphuric acid. The small sulphur granules 
may be seen in such bacteria when the slimy deposit in mineral 
springs is examined microscopically. 

The oxidation of ferrous carbonate or other iron salts by the 
iron bacteria is commonly observed. This is true particularly in 
water which has a high iron concentration. Two general types of 
bacteria are found to be able to oxidize iron compounds with the 
formation of ferric hydrate which is deposited in the sheaths of the 
organisms. One type forms long filamentous masses which may 
reach a size sufficient to clog water pipes. The other type forms a 
crustlike deposit on the inside of water pipes which, also, may ac- 
cumulate to such a size that the pipe is closed. The large iron ore 
deposits found in Sweden, and probably those in Minnesota, were 
formed by the action of such bacteria. 

Oxidation of Ammonia and Nitrites. In the discussion of the 
decomposition of protein material, it was observed that ammonia 
is one of the important end products. Ammonia is not readily 
utilized by plants as food. Two types of bacteria, the Nitrosococcus 
and Nitrosomonas, are able to oxidize ammonia to nitrites, which 
in turn are oxidized by the Nitrobacteria into nitrates. The process 
of o.^idation of ammonia to nitrites and then to nitrates is called 
nitrification. The organisms are prevalent in soil and constitute 
the most important group of soil microorganisms. Nitrification 
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occurs in sewage which is often allowed to pass into streams B> 
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in water the degree of self purification which polluted water under 
goes maj be dclcnnined 
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animal proteins by the process of digestion and assimilation. Animal 
proteins are converted into waste products and flesh. The waste 
products, as represented by ammonia, urea, and amino acids are 
utilized by bacteria and converted into substances which are avail- 
able to plants as food. In many instances plant and animal proteins 



return to simple forms as a result of death and decay. Decomposi- 
tion of proteins may be brought about by autolytic enzymes, but 
the process is assisted by proteolytic bacteria. In this case nitrogen 
is either liberated as free nitrogen or becomes a part of the soil and 
is used by plants. The free nitrogen is fixed by various nitrogen- 
fixing bacteria and also used by plants as food. 

It is apparent that the nitrogen cycle illustrates one of the im* 
portant functions of bacteria in nature; that is, to maintain an equi- 
librium between plant and animal life and to assist both forms in 
the process of living. 
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4 Bacteriological Technics 
• and Methods 


The details oi technical procedures -which are used in the study 
o£ microorganisms are found in texts entirely devoted to the subject, 
but a brief discussion of some of the technics is desirable in this text 
also. This discussion is based upon the reasons for and the results of 
the various laboratory procedures, as well as upon the technics 
themselves. 

The most fundamental technic in the study of bacteria is the 
procedure whereby a pure culture is obtained. Since bacteria, 
yeasts, molds, and dltrable viruses are able to produce such varied 
changes in the food on which they live, it is evident that each species 
must play a part in the process. All knowledge of bacterial metab- 
olism as represented by chemical changes in inanimate material and 
by disease in living plants and animals is built upon the specificity 
of microorganisms for the particular kind of food from which they 
obtain the essentials for life. It is obvious, therefore, that the study 
of any metabolic process involving microorganisms, or their prod- 
ucts, must be based upon the pure culture. 

The morphology of bacteria is used as a basis for recognition 
and differentiation. It also reveals something of the nature of the 
various types of cells which aids in the understanding of metabolic 
processes. The microscope is an essential instrument in microbiol- 
ogy, and a knowledge of the manipulation of the instrument facili- 
tates the work of the student and assures his success in learning. 
Living microorganisms suspended in a fluid medium are so refrac- 
tive for rays that their structure is not easily seen when ex- 
amined under the microscope; in fact, their exact shape and size are 
difficult to obtain in an unstained preparation. Methods of staining 
the -various cells have added definitely to the knowledge concerning 
them. Bacteria react differently to the various staining processes. 
Their varied reactions are of value in classifying them into groups. 

Most of the knowledge concerning microorganisms is based 
upon a study of them under arlifitaal conditions, that is. in cantivitv. 
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The effect of large numbers of them upon a particular medium is 
different from the effect of just a few, as well might be expected. 
The effect of large numbers in an environment of optimum condi- 
tions for growth is different from the effect of small numbers in a 
natural environment surrounded by all of the hazards of normal 
life. The study of the natural life of bacteria is difficult because of 
their small size and their association with different bacterial species. 
Our knowledge, therefore, out of necessity, is based upon the results 
obtained from the study of bacteria in captivity. 

The methods used for bacteriological analyses are varied. An 
assortment of special equipment, tubes, dishes, flasks, etc., is pe- 
culiar to bacteriology. Many different foods are concocted for micro- 
organisms. These foods are changed by the action of bacteria so that 
numerous tests are necessary to detect the resulting products. 

The discussion of bacteriological technics and methods is di- 
vided into the following parts: Isolation and Cultivation Technics, 
Microscopic Examination, Stains and Staining Methods, and Culture 
Media and Tests. 

ISOLATION AND CULTIVATION TECHNICS 

Cultures of bacteria and materials suspected of containing 
pathogenic bacteria are transferred to culture media by means of a 
platinum wire or other wire which is not easily disintegrated by the 
flame (Fig. 4.1). In cases where a large amount of inoculum is 
transferred, a sterile glass pipette is used. In the collection of ma- 
terial for bacteriological examination, care must be used to elimi- 
nate contamination. Fluids must be collected in sterile glass tubes; 
tissue surfaces must be seared with a hot spatula before a specimen 
is taken. Even when all precautions are taken, material such as 
water, urine, milk, tissues, and tissue exudates may contain more 
than one species of bacteria. In some cases the orgEinism may be 
present in pure culture, but this cannot be depended upon as being 
a general rule. 

Methods of Securing Pure Cultures. Prior to the use of solid 
media hy Koch, pure cultures of bheteria were obtained by the 
dilution method. This method is rarely, if ever, used today for that 
purpose, although it is commonly employed to decrease the number 
of bacteria in material previous to the use of other technics, 
whereby the organism is obtained in pure culture. 

The method most commonly used for isolating bacteria in pure 
culture is known as the plating method; “plating” because Koch 
used a glass plate' in his original technic. The Petri dish or Petri 
plate (Fig. 4.2) is now used for that purpose. Hie Petri dish is 
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FIG 4 2. 


•The Petri culture d $h 


composed of two circular glass plates, one slightly smaller than the 
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of organisms in pure cultures is obtained. Crystal violet inhibits 
the growth of Gram-positive bacteria but permits the growth of 
Gram-negative forms. Antiformin permits the growth of tubercle 
bacilli, but inhibits the growth of other species. The 
various inhibiting agents will be discussed more 
fully in chapters devoted to specific organisms. 

A pure culture of a pathogenic microorganism 
can be obtained in many cases by the injection of 
the suspected mixture of bacteria into a susceptible 
experimental animal. Tissues from a suspected case 
of blackleg may be contaminated with putrefactive 
bacteria before they are submitted to the laboratory 
for diagnosis. Since many putrefactive bacteria, as 
well as the blackleg organism, are anaerobic the 
isolation of the latter is at times difficult. It may be 
accomplished by plating the material and incubating 
the plates anaerobically. Fluid from the suspected 
material, however, is often injected into a guinea pig. 

The putrefactive contaminating bacteria do not mul- 
tiply in the tissues of the guinea pig, whereas Clos- 
tridium chauvoei grows freely and causes the death of 
the animal. A pure culture of the organism can be 
obtained from the infected tissues. 

The filtrable viruses can be isolated in pure cul- 
ture by the process of passing the fluid containing 
the virus through a sterile filter and collecting it in a sterile test 
tube or flask. An illustration of an apparatus suitable for filtering 
small amounts of fluids is given in Figure 4.3. 

In a previous chapter the factors, such as temperature and 
oxygen, which influence the growth of microorganisms, were dis- 
cussed. A brief description of the technics for obtaining those con- 
ditions follows. 

Incubation of Cultures. Cultures of various kinds of micro- 
organisms are grown in an incubator which is well insulated, assur- 
ing a constant temperature. Incubators vary in size and in the 
material with which they are constructed. Usually heat is supplied 
from two sources, the gas flame and the electric element. Tempera- 
ture is controlled by means of a thermostat. 

The usual temperature at which pathogenic bacteria are grown 
is 37.5®C. Gelatin cultures, however, arc liquefied at this tempera- 
ture; consequently, they are i^uaUy kept in an incubator regulated 
to 20®C. Many of the nonpathogenic organisms grow more 
abundantly at temperatures ranging from 25-30®C. Since various 
microorganisms have an optimum temperature for growth, the 





FIG. 4.3 -FlI- 
tering a p p a- 
rotus for smoll 
amounts of 
fluid. 



68 Veferinory Bocferfelogy and VIrofegy 

thermostat of the incubator must be 'itlju'lcd tn live desired 
temperature In laboratories where difTcrcnl vartelles of oft,anlsms 
are studied it is obs lous that on incubator for each desired tempera 
ture must be available 

Anaerobic Methods. In Uic cultivation of nnaeroblc Kactena 
two general principles ore involved tlic reduction of ox> j en tension 
and the maintenance of the reduced tension Hall has outlined the 
anaerobic methods under those two principles os follows 


I Reduction of oxj gen tension 
A Biological reduction 

Aerobic anaerobic sjanbiosis 
S> mbiont In the medium 
Sj^nbiont in tiie mr chamlicr 
Use of animal and plant tissues 
B Phjsical reduction 
Boiling 
Evacuation 
Use of inert gases 
C Chemical reduction 
Agent m air chamber 

Calalj-tic Ignition of h>drogon nnd roildunl ox>Bcn 
Keduction by phosphorus 
Reduction iron compounds 
Reduction by nlkalme pjrogallol 
Agent in the medium 
If Mamtenanco of reduced oxjgen tension 
A ^rtion of medium scoled off 
Deep medium seals 
Insoluble liquid seals 
Mechanical seals 


R Air chamber scaled 
Fusion of glass outlet 
Mechanical seals 


Produemg optimum conS!!L°'orfen ''"'ll"" “ ° 
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One of the most common media used in laboratories is the minced 
meat medium. Liver, spleen, brain, or any other tissue may be 
finely divided and added to a suitable liquid medium. Fresh, sterile 
tissues are more suitable than the ground, cooked tissues, but the 
latter are satisfactory for general use. 

When the oxygen is driven from a medium Avith the aid of heat 
the anaerobic condition must be maintained. The paraffin oil or 
petrolatum seal is commonly used in the 
case of fluid media. The oil is put in the 
medium prior to sterilization; the oxygen 
is driven out by heating, and the oil forms 
a perfect seal against air. The oils of heav- 
ier consistency, such as vaseline, are bet- 
ter than oils of the light type. If a light 
oil is used, it should be at least an inch 
deep over the medium in order to inhibit 
the permeation of oxygen into the med- 
ium. 

The air may be evacuated from suit- 
able containers, such as the Novy or Smil- 
Ue apparatus (Fig. 4.4); or inert gases, 
hydrogen and carbon dioxide, may be 
passed into them. In the Mclntosh-Fildes culture apparatus, ox- 
ygen is removed by the oxidation of hydrogen due to the catalytic 
action of palladuuzed asbestos wool under the influence of heat 
generated by the electric current. A source of hydrogen must be 
available for this method. 

The absorption of oxygen by alkaline pyrogallol is commonly 
used in the student laboratory. This method is based upon the prin- 
ciple that alkaline pyrogallol absorbs oxygen. Pyrogallic acid pow- 
der is placed in a container which is absolutely sealed, and 30 per 
cent sodium hydroxide is added to the powder for alkalinization. 
The resulting fluid is light brown in color and becomes almost black 
with continued absorption of oxygen. Test tubes and culture jars 
may be used in this method. Spray has devised a culture dish which 
may be used to advantage (Fig. 4.5). The bottom dish is sepa- 
rated into two parts by an elevation. Pyrogallic acid is put on one 
side and sodium hydroMde on the other. The culture is prepared in 
the usual way in the top inverted dish which is sealed in a groove 
provided for the purpose. The two chemicals are mixed by tipping 
the dish. The resulting effect is the same as described above. 

The Rosenthal chromium-sulphuric acid method is another 
chemical method for producing anaerobic conditions. This method 
is based upon the addition of sulphuric acid to chromium with the 



FIG. 4.4 — Novy anaerobic 
opparotus. 



70 Veferinory Bocferiology end ViVofogy 


resulting evolution of hydrogen and the subsequent utilization of 
oxygen according to the following reactions: 


Cr + HaSO^ = 
4 CrSOi + 2H2SO4 -f O- 


CrSO* -f Ha 
= 2Cr5(S04*)8 + 2 H-O 


Any o! the containers used in anaerobic work can be used in this 
method if suitable amounts of the ingredients are used; in fact, any 
contamer which is sealable and which is provided with a gas outlet 
may be used. 

me Technic. Place in the container 100 cc. of 15 per cent sul- 
phuric acid per liter of capacity and add 5 grams of chromium per 
menu ^ui, ''' f f “ living a gas outlet 

IfLTt “nd only slight evoluUon 

““‘“■"nr is then LuLted. Smee 

microscopic technic 

leria’^mril.'i'," “ ^dispensable in the study of bac- 

and the essenUals oTrorreef nf of magnification 

previous courses in which he ha<t W medicine has had 

lation of the mi=rosc“d ‘'’P "“"‘PP' 

Md for this reason it is not neressar^ m 

however, a tew minimum cssentiah o7(»* k procedures; 

study of microorganisms are outlined ' P*™ p 'p''‘p’' “PP >“ 0^ ■" Ihc 
Oil Immersion Obicctives. Tk- „ . 
the use of the highest powers of mara-fi ^'^P ’'OP*PP‘a requires 
magnification of a microscope is ohta^2l!‘“" P°pp‘’>'p- ’Phe total 
mfioation due to the objecti^ bv ? multiplying the mag- 

Piecc. The magnification of the usua]'*T^PP*‘°“.'*''P *° ‘’’P p^P" 
Otal of a 91x objective and a lOy ev microscope is the 

&e power of the objective, the srn^e/ T" ” '^P 

*' may reach the eye It *P which 

Sw P">PP fte *PPP'PPP' *P‘ 

Sr ^mearTSC PP “““pp “ -=«- 

fraction as it passes through thTL , T''P‘ ia lost by re- 
Sr“l?"‘PP! PP “P'lP taweeuSnS reason, im- 

Sve PP-^PP an- Th.^ oJw 'PP.“uP Pfr-* ^lass slide or 

^rs„rr'p'ppp‘-pp“^p*^ftlrTpp‘'^'^ '■pp'-ppp^ p° p- 

Ecncml m “"P '“PP°acope are used C Ians The lower 

Od “d tha monToW '=PP‘arial colonies, 

WtaaTri“^'PP‘'PP tnt fta 

‘’P‘P''P PPa >0 he seen ^ah ,r '' "PPPPMagy »£ 
frma IS saved, therefore, if 



Bocferiofogica} Technics and Mefhods 77 


the student learns to use the oil immersion objective quickly. Bausch 
describes this technic as follows: ^ 

Apply a small quantity of oil to the front lens of the objective or to 
the cover glass, using for this purpose the rod in the oil bottle. Lower the 
objective very carefully with the coarse adjustment until contact is made. 
This can best be determined by watdiing the space between objective 
and slide wth the eye well down to the level of the stage. At the instant 
contact is made, a flash of light will illuminate the oiL When this flash 
is seen, the objective will be near enough to focus by means of the fine 
adjustment. 

The presence of dust or air bubbles 
in the immersion oil may destroy the 
definition of the best objective; there- 
fore, it IS very essential to keep the oil 
bottle stoppered at all times. If bubbles 
are trapped between objective and 
slide, it may be necessary to apply 
fresh oil and to re-focus in order to get 
rid of them. 

Special care must be observed if a 
low power objective is used after an oil 
immersion. The oil must invariably be 
removed from the top of the cover glass 
by wiping with lens paper. The front 
of the objective should always be 
cleaned in the same manner immediately after it has been used. If 
oil does dry, it may be removed by using lens paper moistened with 
a minute amount of xylol. 

Illumination. The regulation of the light which illuminates the 
object is of great importance in microscopic work of all kinds and 
is of utmost importance in the study of bacteria. 

Natural and artificial light are used. Natural light from a 
north window is an excellent source but has the disadvantage of 
variability due to cloudy weather. Direct sunlight is too bri^t for 
microscopic use. The electric light is the most common source of 
illumination. A variety of lamps are available for this purpose. 
Blue and white, frosted and nonfrosted bulbs are used. When the 
white bulb is used the light is most satisfactory when filtered 
through a blue glass in the form of a shade or a disc placed in the 
microscope substage condenser. The light is adjusted after the ob- 
ject has been brought into focus by manipulation of the mirror and 
the condenser. 

The mirror on the microscope is double, plane on one side and 
concave on the other. When skylight is used as a light source, 

o 'JF" ?3usch The Use and Care oj The Microscope p 9 Bausch and Lomb Optical 
Co, Rochester. 1918 
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either side may be used but the plane side gives a more even light 
The plane mirror is always used vwth the substogc condenser 
(Fig 4 6) 

The substage condenser, frequently called the Abbe condenser, 

IS used to concentrate light rays on the object It is a system of lens 
so arranged that the light is refracted and 
the rays converge a short distance above 
the top lens (Fig 4 6) The intensity of 
light IS governed by low ering or elevating 
the condenser For oil immersion magni- 
fication the condenser is raised near the 
level of the stage in order to assure a 
maximum amount of light 

The substage ins diaphragm is also 
used to adjust illummation It should not 
be used to control the density of illumi- 
nation but to brmg out details in the 
object which is being studied 
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tion factor must be determined before the size of the object is 
known. A stage micrometer is used to determine the distance 
between the lines of the eyepiece micrometer scale. When the 
microscope has been calibrated, the eyepiece may be used to 
measure objects. The procedure for measuring bacteria is as follows: 

1. Insert eyepiece micrometer in microscope. 

2. Examine bacteria on the slide and record their size in terms 
of divisions of the eyepiece micrometer. 

3. Remove the slide of bacteria and insert the stage microm- 
eter. 

4. Determine the relation of the division of the eyepiece mi- 
crometer to that of the stage micrometer. 

5. Compute the size of the bacteria. 

The divisions on the stage micrometer are usually 0.01 mm. The 
unit of measurement of bacteria is the micron (0.001 mm) ; there- 
fore, the divisions are 10^ in size. If the calibration of the eyepiece 
shows that two divisions of the eyepiece micrometer are equal to one 
division of the stage micrometer, then each eyepiece division rep- 
resents 5^. The size of the bacteria which have been measured are 
computed on that basis. 

Tile Hanging Drop, The motility of bacteria is observed best by 
examining a hanging drop in which the organisms are able to move 
about freely. A special glass slide with a hollow depression in the 
center is used for this purpose. The technic is as follows: 

Place a thin layer of petrolatum or vaseline around the rim of 
the hoUow-groimd slide. Transfer a loopful of broth containing the 
bacteria to the center of a cover slip. Lower the slide onto the cover 
slip and press it firmly in place in. the rim of petrolatum. Invert it 
quickly and handle carefully so as not to disturb the drop wliich is 
hanging from the cover slip into the hollow of the slide. Examine 
the preparation with the lower power objective in order to locate 
the edge of the drop. The organisms may be studied for detail with 
the higher powers of magnification. The glass slide and cover slip 
must be absolutely free of dust and finger prints to assure clear 
vision. 

STAiNS AND STAINING METHODS 

Bacteria are generally so transparent when they are examined 
in the living condition that the details of their morphology are dif- 
ficult to discern. It is customary to stain these organisms "with var- 
ious aniline dyes which render them distinctly visible. Some prog- 
ress has been made in differential staining of the various parts of 
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bnctenal cells Baclcna react d.tfcren- 
tially to some slrmtis This »s on aid in 
classii>mg them 

The stams used in biologic VeOtK 
for the most pirt arc known as “coaV 
tar” dyes because most o! them arc 
derivatives of the hydrocarbon, ben- 
zene (CeHa) ‘ Coal tar” dyes arc non- 
acid salts of color bases or alkah salts 
of color bases "Acidic” and "basic 
as applied to dyes refer to the affinity 
of the chromogemc radicle for acidic 
and basic groups The dy c is acidic or 
basic according to the character of its 
auxochiomes Acidic or baste os ap- 
plied to dyes has no reference to the 
hydrogen hydroxyl ion reaction and is 
not to be interpreted m the true chemi- 
cal sense Both acidic and basic dyes 
ate more potent m alkaline media 
Basic dyes are sold as salts of a color- 
less acid such as hydrochloric, sul- 
phuric, oxalic, or acetic Acid dyes 
are sold as sodium, potassium, calcium, 
or ammonium salts 

The present-day conception of dyes 
IS based on molecular structure The 
basis of the structure is the benzene 
ring of Kekule If derivatives with this 
structute, contain groups of elements 
known as "chromophores " they impart 
the property of color Chromogcncs 
although colored ate not dyes They 
may coat the cells superficially, but the 
color can be easily removed by the 
mechanical process of washing To be- 
come a dye the chiomogen derivative 
must contain m addition to the chro- 
mophore, other groups knowns as 
auxochromes” These auxochromes 
impart to the compound the property 
of electrolytic dissociation furnishing 
it with salt formmg properUes, and 
^ thus convertmg it mto a dye 

B>es probably fulffll their function 
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by both chemical and physical processes. The chemical process of 
staining is thought to be enhanced by the number of auxochromic 
groups in the dye, as well as the number and adequacy of the chro- 
mophilic groups in the cells to be stained. The physical process de- 
pends on surface attraction, osmosis, diffusion, and adsorption. Fac- 
tors which no doubt promote these processes are the size of the dye 
molecule and adequate pore-volume of the material to be stained. 

The abundance of nucleoprotein in bacteria appears to explain 
their affinity, at least, for basic “coal-tar” dyes. In their staining 
reactions bacteria behave as if they are composed largely of protein. 
The amount of dye taken up by bacteria and the firmness with 
which it is held doubtless depends, in a large part, on the hydrogen- 
ion concentration of the bacterial protein. The general rule is that 
the larger the number of hydrogen atoms that have been replaced 
by methyl, ethyl, or phenyl groups, the deeper the color. A dye 
retains its color only as long as its affinities for hydrogen are not 
completely satisfied. Since the pH of bacterial protein changes with 
age, this may account for the variations in staining between young 
and old cultures of the same organism. 

Mordants and Decolorizing Agents. When bacteria are present 
in tissues or exudates, they may not be observed because of their 
small size unless correct staining methods are used. Various meth- 
ods are available whereby the organisms are stained more deeply 
than the tissue cells, or the stain in the tissue cells is removed by 
decolorizing agents, leaving the bacteria as previously colored. 
Chemical agents which fix the stain, or cause it to penetrate more 
deeply in the organism, are called mordants. Aniline oil, phenol, 
potassium iodide, tannic acid, and various metallic salts are all used 
as mordants for different organisms and in various staining pro- 
cedures. Prolongation of the period of staining and heating in- 
creases the intensity with which bacteria and their spores are 
stained. After the organism has been stained deeply and the stain 
has been fixed by the action of a mordant, the dye is not removed 
easily; however, bacteria vary in this respect. Tissue cells also vary 
which makes differential staining possible The stain is removed 
from certain bacteria and tissue cells by decolorizing agents, such 
as dilute alcohols, acetone, ether, dilute mineral and organic adds, 
and hot water. The decolorized cells are counterstained with a dye 
of a contrasting color. 

Method of Preparing a Bacterial Film for Staining. A glass 
slide is cleaned until it is perfectly free from grease. If a drop of 
water does not spread evenly over the slide, it is not suitable for 
use. Hot water and alkaline wariiing powder usually clean the 
slide satisfactorily. It is necessary to place some slides in dilute 
acid or alcohol in order to remove the film which prevents the 
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spread of a drop of water \Vhen the slide is dean, place a drop of 
bouillon containing the culture on the slide v ith the loop of the 
inoculating needle and smear it over a surface about the size of the 
small finger nail ‘When it has dried, fix the smear to the slide bj 
passing It through the flame a few tunes 

In makmg smears from cultures which ha\e growm on solid 
media, an moculalmg loop full of water is placed on the slide Into 
this IS mixed a small amount of the culture which has been re- 
the growth wath the tip of the straight inoculating 
needle Too much of the culture must not be transferred or the 
mear will ho loo thick to be studied satisfacloriI> Films of blood, 
cdh prepared in the some manner Tissue 

baetena which may be present even when a d.Herent.al slain is 

Chicle, on„ru,3,u.,7;ften u^^iCe^ita^rS”™^ 

applicaKreirciTo^riT'* 

which IS removed bilacrr'^l'T the slide with water 
paper To assure the removi of ^ "f" ° ''’““'"S 

the flame the slide is passed through 

glass cover slip irtedio'r^'* “ 

In summary, the techie of J ^ “P™ '>'= <■>>” 

mation consists oi the follovnug f ''■’■n for exam 

^mg m air, (3) famg (4) sta!i„e' ‘''‘= ''‘Im, (2) 

(6) blottmg (7) drying (VuTimB ' ’ 

STAINING METHODS 

devised a method 

Gr^ stain, has become the „ umversally called the 

m Wtenology It eonsists ofirir™“" technifused 

i vjrrr'" "“'dantu.grXL'' amear 

and 00^6^°' ” ""W aU rf the'” “>’“''°n, wash- 

are called Gra ^^cteria whidi retain i\> ^ fuchsm 

stained red whi^^af 

y ‘he eountersuim are Graiit.,i:/'=“'->-ed and 



6dcfer/ofo0i'cal Technics and Methods 77 


The detailed technic for the staining process is as follows: 

1. Stain the film 2 minutes with Hacker's gentian violet prepared as 
follows: 

1 ml. saturated alcoholic solution of gentian violet or crystal violet 

(4 grams dye in 20 ml. of 95% ethyl alcohol). 

10 ml. of 1% ammonium oxalate. 

2. Wash with water and apply Gram’s iodine 1 minute. Gram’s iodine 
IS prepared as follows: 

lodme 1 gm. 

Potassium iodide 2 gms. 

Water distilled 300 ml. 

3. Pour off excess fluid and wash with acetone (30 parts) and 95% 
alcohol (70 parts) until the smear ceases to lose color. 

4. Wash with water. 

5. Counterstain with 2% aqueous solution of safranin. 

6. Wash with water, blot, dry, and examine. 

Various theories have been advanced to explain the Gram- 
staining reaction. Benians contends that the iodine forms a large 
alcohol-soluble molecule with the gentian violet which is removed 
from the Gram-negative bacteria but retained by those which stain 
Gram-positive; the difference is due to the permeability of the cell 
walls of the two types. Churchman believes that Gram-positive cells 
possess an outer cortex which is responsible for the retention of the 
gentian violet stain. Stearns and Stearns have shown that the pro- 
teins of Gram-positive bacteria have an isoelectric point more to- 
ward the acid side than the Gram-negative bacteria, which explains 
why Gram-positive bacteria show a greater affinity for basic dyes. 
Deuszen has explained that Gram staining is due to a chemical 
reaction resulting from the compound-forming properties of the 
nucleoprotein. of the bacterial cells. 

The theory of Churchman has been upheld recently by Henry 
and Stacey, who have been able to “strip” Gram-positive bacteria 
of an essential part of their Gram-positive material, leaving Gram- 
negative cytoskeletons and a Gram-negative extract. These investi- 
gators were able to obtain this result by extracting washed bacterial 
cells at 60® C. with a 2 per cent aqueous solution of a bile salt in 
the presence of oxygen. The material in the extract can be precipi- 
tated by alcohol and consists of magnesium ribonucleate, inert poly- 
saccharides, and traces of protein. It was possible to reconstitute 
the Gram-positive cell by “plating” the extract back on the cyto- 
skeleton. Those bacteria which are fundamentally Gram-negative 
do not respond to such technic. 

As further proof, Henry and Stacey were able to produce 
Gram-negative bacteria from known Gram-positive species, such as 
Sfrcpfocococcus salivarus^ by growing in a medium completely 
devoid of magnesium. 
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The most plausible explanation of the Gram process Is that the 
Gram positive material is a high molecular complex formed b> the 
combmation of a reduced basic protein substrate uith magnesium 
nbonucleate 

Alkalmc Metlijlene Blue Siam In some cases it is desirable to 
stain a bacterial smear without the use of a diflercntial technic 
Methylene blue has been one of the old ■'standby" stains for this 
purpose m bacteriology It is also of value as a eounterstain m 
many methods 


SOLUTION A 


OJ sm 
300 ml 

KOH(00« by weight, 
the smlarTstmutas'^Ta"" 

With water Preparation is then thoroughly washed 

methoi’buUs'Xtmrheru“ '’‘•“"■"S 

Basic fuchsm 

f*yl alcohol (absolute) 1 ml 

^ aqueous carbolic acid 10 ml 

The stem is flowed to eet 1 to 2 imnotes 

vents stains from penetratm^io ^d'^^il,'’* bacterial spore pro- 
penetrabihly of the stam L Ssuap ™P=vts color The 

contact When once stained, S ^ 

e IS not decolorized easily 

vf-hfc^rdrhX^ =■ and the vegetative part 

? W.sboH,“j“^"<' '"•“v ««™ag three or tour 

= Appty e“;eot" ^ 

„ThvBporeswiU retain th ■"™' 

vnll stain red ‘>'v 8«en slam and th„ 

'^-gvllaStams.Tbefl n ‘•'= vegetative cells 
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technic Young, 12- to 18-hour cultures of bacteria should be used 
to demonstrate flagella A tube containing 5 ml of bouillon is 
inoculated with sufficient quantity of the growth removed from the 
agar surface to produce a slight turbidity Incubate for an hour at 
37°C Drop two or three drops without mixing or spreading on a 
slide which is absolutely clean When dry, fix in the flame and stain 
by the following methods 

CASARES-GIL’S METHOD 

1 Flood the smear with the mordant prepared as follows 


Tanmc acid 

10 

gms 

Aluminum chloride (AhCl*12HjO) 

13 

gms 

Zinc chloride 

10 

gms 

Rosanihne hydrochloride 

15 

gms 

Alcohol (60%) 

40 

ml 


The soUds are dissolved m the alcohol by trituration in a mortar, 
adding 10 cc of the alcohol first, and then the rest slowly For use, 
dilute with two parts of distilled water, filter, and use the filtrate on 
the slide The mordant should act 1 to 2 minutes 

2 Wash carefully with distilled water 

3 Cover the smear with carhol fuchsm for 1 to 2 mmutes Wash with 
distilled water and allow to dry without blotting 

loeffeers method 

1 Prepare film fix and apply the following mordant, heating for 5 mm- 
utes over a water bath 

Tanmc acid (25% aqueous solution) 10 parts 

Saturated solution ferrous sulphate 5 parts 

Fuchsm (saturated alcoholic solution) 1 part 

2 Wash and blot with filter paper 

1) ^'vatn wfCn VtA or carhsD’l iuiJnsin over a water 

bath for 5 mmutes 

4 Wash carefully, let dry, and examine 

Capsule Stains. The capsules of bacteria are fragile and cannot 
be stained by the usual methods 

HISSS METHOD 

1 Prepare film, dry, and fix 

2 Stain with aniline oil gentian violet or carbol fuchsm for 5 seconds 
or until steam rises 

3 Wash off the stam with 20% aqueous copper sulphate solution 

4 Blot and dry m air Do not wash 

JOHNES MErTHOD 

This IS particularly suited for the demonstration of the capsules 
of the anthrax bacillus in smears from blood or tissues 

1 Dry the smear in air, and fix 

2 Stam with 2% aqueous gentian violet, heating slightly for % to V> 
minute 

3 Wash quickly m water 

4 Wash in 1% to 2% acetic acid 6 to 10 seconds 

5 Wash in water, mount in water under a co\ er sbp to examine 
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The most plausible expHnation of the Gram process is that the 
Gram positive material is a high molecular complex formed by the 
combination of a reduced basic protein substrate with magnesium 
nbonucleate 

Alk^me Methjlcne Blue Stain In some cases it is desirable to 
stem a bacterial smear wthout the use of a differential technic 
Methylene blue has been one of the old ‘ standby stnms for this 
purpose m baclenology It « pU„ of value as a eounlorstam in 
many methods 


SOLUTION A 


OJ gm 
300 ml 


the st’earrstmu.® "r"'" “> 

with water Preparation is then thoroughly washed 

B« c fuchsin 

dcohol (absolute) I ml 

Si” “JU'oes eatboho acid 10 ml 

The aum u allowwt to act 1 to 2 90 ml 

vents stams from penetratm?*!! bacterial spore pro 

penetrability of the stain is usuaUv'*'’' * 

contact When enee stained by beat or prolonged 

spore is not decolorized easily 
1 Prepare the film METHOD 

3 Idle'S 

ot thfeXS; end the vegetative par. 

^ r«o.bn^’'^~s„EmoD 

tm£^„^''our 

2 Wash off t steaming three or four 

TTiev % minute 

wiU stam’TS'^ »cen stain and the 

^".ella Stas The Sae „ 
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technic Young, 12- to 18-hour cultures of bacteria should be used 
to demonstrate flagella A tube containing 5 ml of bouillon is 
inoculated with suflicient quantity of the growth removed from the 
agar surface to produce a slight turbidity Incubate for an hour at 
ST^C Drop two or three drops without mixing or spreading on a 
slide which is absolutely clean When dry, fix in the flame and stain 
by the following methods 

CASARES-GIL’S METHOD 

1 Flood the smear -with the mordant prepared as follows 


Tamuc acid 

10 gms 

Alummum chloride ( ALCb 12HtO) 

18 gms 

Zme chloride 

10 gms 

Rosanilme hydrochloride 

15 gms 

Alcohol (60%) 

40 ml 


The solids are dissolved m Ae alcohol by trituration m a mortar, 
adding 10 cc of the alcohol first, and then the rest slowly For use, 
dilute with two parts of distilled water, filter, and use the filtrate on 
the slide The mordant should act 1 to 2 minutes 

2 "Wash carefully with distilled water 

3 Cover the smear with carbol fuchsm for 1 to 2 minutes Wash with 
distilled water and allow to dry without blotting 

LOEFFI^S METHOD 

1 Prepare film fix and apply the following mordant, heating for 5 min- 
utes over a water bath 

Tannic acid (25% aqueous solution) 10 parts 

Saturated solution ferrous sulphate 5 parts 

Fuchsm (saturated alcoholic solution) 1 part 

2 Wash and blot with filter paper 

3 Siam with hot amhne-gentian violet or carbol iuchsm over a water 
bath for 5 nunutes 

4 Wash carefully, let dry, and examine 

Capsule St^dns. The capsules of bacteria are fragile and cannot 
be stained by the usual methods 

HISS’S METHOD 

1 Prepare film dry, and fix 

2 Stain with amlme oil gentian violet or carbol fuchsm for 5 seconds 
or until steam rises 

3 Wash off the stain with 20% aqueous copper sulphate solution 

4 Blot and dry m air Do not wash 

JOHNES METHOD 

This IS particularly suited for the demonstration of the capsules 
of the anthrax bacillus m smears from blood or tissues 

1 Dry the smear m air, and fix 

2 Stain with 2% aqueous gentian violet, heating slightly for M to H 
minute 

3 Wash quickly m water 

4 Wash m 1% to 2% acetic acid 6 to 10 seconds 

5 Wash in water mount in •writer under a cover slip to examine 
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Stains for I\Ietachromatic Granules. 

NEISSER’S STAIN 

1. The smear of the organism is prepared in the usual way. 

2. Flood the smear 10 to 30 seconds with Solution 1 prepared as follows: 

Methylene blue 01 gm 

Absolute alcohol 2olo ml. 

Glacial acetic acid ml 

3 mSS: 

0. Wash in water. 

5. Blot, dry, and examine 

«. ll wiU be a blackish-blue, and the body of the cells 

«. J1 be brow or ptnk, depending upon the counterstain. 

ALBERTS STAIN 

1. Prepare the smear as usual 

" wSliJ Sr 1 - prepared .s follows: 

Methyl green . 

Acetic acid (gUci^V '” 020 gm 

Alcohol (857o) . 1.00 ml. 

Distilled water 2^)0 ml. 

3. 

Potassium iodide 2.0 gms 

A 3.0 gms. 

4. Wash with water, blot, d^^,' 'aiid ; SM-0 

"^le granules stain btarlr ♦t.v 

intermediate portions a light ^ striations blue, and the 

Pf =■ pertain group. 

Spoken of as being acid-fast Tt • “^portant member, are 

ftey are once rtaLd, thfcowt '^"''’' ‘>'en>. but when 

'lute acid. The cause of this acid ^ treatment with 

to the lipoids which are present on t^ « supposedly due 

also wuhin fte oell, surface of the organism and 

1 RssaS^"” 

odd = “ft"'”- 

sl 0 mL 

- for t i.r 

efte?b:=.eitl^«f = - ^^fted red, and fhe tissue cells and 
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GABBEITS METHOD 

1. Prepare a film and stain as above with carbol fuchsin. 

2. Stain for 1 minute with Gabbett's methylene blue prepared as follows: 


Methylene blue (dry 2.0 gms. 

Sulphuric acid (sp. gr. 1.84) 25.0 ml. 

Distilled water 75.0 ml. 

3. Wash in water and examine. 


The acid-fast organisms will be red in a blue field. 

Stains for Blood Cells. Many special stains have been devised 
for demonstrating blood cells, some of which are used in bacterio- 
logic and immunologic studies. A reliable blood stain is necessary 
in the study of phagocytosis and in studying bacteria which cause 
septicemic conditions. The stains most commonly used are the 
Romanowsky and Giemsa, each with numerous modifications. These 
stains may be purchased in tablet or powder form from a reliable 
dealer and are ready for use when mixed with the proper diluent. 

WRIGHTS STAIN 

One of the most satisfactory blood stains for routine work is 
that of Wright. This stain can be purchased in liquid form ready for 
use, or in powder form from which a saturated solution is made as 
a stock solution. The stain is prepared for use by adding to 20 ml. of 
the filtered stock solution 5 ml. of methyl alcohol. This is applied to a 
blood smear and allowed to stand 1 minute. Distilled water is then 
added drop by drop until a metallic luster appears on the surface. The 
stain is allowed to act for 5 minutes; then it is washed off with dis- 
tilled water, dried, and examined with or without oil immersion. 
Care matst be taken in washing to float ofi the metallic sheen, for it 
forms a precipitate on the smear if allowed to settle there. 

GIEMSA’S STAIN 

1. Apply the following fixing agent to moist films for 12 hours. 


959i) ethyl alcohol 1 part 

Saturated aqueous HgCU 2 parts 


2. Wn^ in water for a few seconds. 

3. Apply LugoVs solution for 5 minutes. 

4. Wash in water, then in sodium thiosulphate. 

5. Stain with Giemsa stain 8 to 10 hours. 

C. Wash and mount 

A modification of this method consists of mixing 1 drop of con- 
centrated Giemsa in 20 drops of distilled water. After fixing the 
smear for 5 minutes in methyl alcohol, it is immersed in dilute slain 
and placed in a 37.5® Incubator for 10 to 12 hours. It is then washed 
off witli distilled %vatcr until the film has a slight pink tinge. Tlii'i 
method Is recommended for staining brain tissue for Negri bodies. 
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Stain for Negri Bodies. 


LENTZS METHOD 

Impression smears are made upon clean glass slides from (a) 
Ammons horn, (b) the cerebellum, or (c) the cerebral cortex 
Without allowmg to dry, the smears are fixed for about 10 seconds 
in neutralized methyl alcohol (alcohol 500 ml to which 0 25 gm of 
sodium carbonate has been added) to which 0 1 % picnc acid has 
been added The excess of fixaUve is removed by blottmg with fine 
ter paper The smears are stained m the following solution 


Saturated alcoholic soluUon of fuchsin 
nSed ““Men. blue 


0^ ml 
20 ml 
300 ml 


■nils solution, which IS a modification of the one proposed by 
lould bT' temperatures end 

Negri bodies annea*^ tined with fine filter paper 


CULTURE MEDIA AND TESTS FOR METABOLIC PRODUCTS 

which are to bTcidlmteVLtuSirT for bacteria 

used for purposes Qth«.r ik however, culture media are 

essential for life Microscon^ supplying bacteria with the food 
differentiate closely related “ uiaiiffioient to 

microscopically impossible to doi » For example, it is 

organism which causes a snep fi difference between an 

fever and one which is e T =>= ‘yphoid 

enchasE col. It m essent.alT.“' “f the mtestmal tract 

diHercntiation of morpholog'icallv'rT'’ 1° Cerent media in the 

Many different kinds of media°^'b^ related types of bacteria 
holism of the various species of m **"* demonstrate the meta- 

was explained in the discuss! 

A few standard types “ Chapter 2 

alteratmyforthegror^of,^ “mmonly used m the 

ypes of medm have been d!sedTo' of epooial 

Some ofT”'”® "'O and 

p!„v ' “etabon!,'’“r‘'=olav melabohc products 


, Meat InfusionTror 

'a’»ralo,y, end serves as a W ^ r*™ “”“ooly used m th, 
Eresh lean meat, beef nr k *^Paration of many others 
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water. Filter through gauze and then paper to remove all meat 
particles. To each 1,000 ml. of infuaon add 10 gms. peptone and 5 
gms. of sodium chloride, then heat to dissolve- Adjust to pH 7.4-7.6. 

Boil for % hour and allow to cool Filter through paper. Dispense 
in test tubes or flasks and sterilize 15 minutes at 15 pounds pressure. 

Meat infusion broth is usually used to determine the type of 
growth produced in a fluid medium. Growth characteristics noted 
are (1) abundance and pellicle formation, (2) growth throughout 
the medium, and (3) the mucoid or granular character of the sedi- 
ment. 

Beef Extract Broth. In much of the routine work, particularly 
in student laboratories, beef extract is substituted for meat infusion 
broth. 


Formula: beef extract 5 gms. 

peptone 10 gras. 

so^um chloride 5 gms. 

distilled water ....1,000 ml. 


The ingredients are mixed together and heated until dissolved. The 
medium is then filtered, tubed, and sterilized. 

Sugar-free Broth. In all meat infusion and meat extract media, 
there is always a small percentage of sugar. Such media cannot be 
used for exact fermentation studies unless the sugar has been re- 
moved. In order to render a medium sugar-free, the meat infusion 
is inoculated with a culture of E. coli and incubated at 37°C. for 18 
hours. The infusion is then sterilized and filtered, and is ready 
for use. 

Carbohydrate Broth. Any desired carbohydrate is added to 
sugar-free broth in preparing a medium for testing the fermenting 
ability of an organism. A 1% solution of the carbohydrate is usually 
used although a 0.5% solution is sufficient in some cases. A suitable 
indicator is commonly added to such a medium to detect acid for- 
mation. Sugar media are sterilized at lower temperatures or for 
shorter periods than most media because heat is apt to cause the 
decomposition of some of the carbohydrates. Sterilization with 
flowing steam for 30 minutes on three consecutive days is the usual 
procedure. The carbohydrates may be sterilized by filtration 
through a porcelain filter and then added to the basic medimn. In 
addition to heat sterilization the medium with the carbohydrate may 
be sterilized by filtration. 

Two products of carbohydrate disintegration which are useful 
in the differentiation of bacteria are acid and gas. 

The formation of acid is usually detected by the use of an 
indicator in the medium. If the total acidity or the final pH of the 
medium is desired, it is necessary to titrate the medium or to use a 
suitable indicator or potentiometer. The kind of acid which is 



84 Veterinary Bacteriofogy end Virofogy 


formed is rarely determmed m the study of the pnlhogcmc species 
of bacteria 

In order to detect the form*ition of gns m carbohydrate fer- 
mentation special tubes are used m which the gns collects Two 
types of tubes commonly used are the Smith tube and the Durham 
tube In the Smith tube the gas collects in the closed arm of the tube 
In the Durham tube the gas collects m the small in\crtc<l vial A 
considerable amount of gas escapes from both tubes since both hav c 
portions open to the air The ty-pc of gas which is formed by fer 
mentation is of use in the study of some bacteria Tw o of the gases 
commonly produced are carbon diortdc and hydrogen The ap- 
proximate amount of each of these gases present m a Smith fer- 
mentetion tube is determined by the following technic 
an/i 1 normal sodium hydroxide 

m,t A1Io« Iho gis to 

several timevvT't (f Passing it from one nrm to the other 

Ls ■" *>'' ''“sod nrm The gas «hlch 

IS carbon dioxide ° action of sodium hydroxide 

determined by passm^it into“thr^''*°" “ 

thumb when a flame i5 anobed J and removing the 

explosion The relative nrn My<^ 50 Bcn is indicated by a sbght 
- of valne m to hydrogen 

Voges Proshaner Ss A ' , . n 
dextrose cleavage which is form a rarbinol is a product of 

of peptone It mreco^ra *" 

of sodium hydroxide to annm^ f*'”’" 1 nil. of a 10% solution 

addingftree„rf„t drop37™“'''i'5ml of the medium then 
eosm pink or red color develonc chloride An 

when it IS allowed to stand a tew hou^ surface of the medium 

abundantly wreuthf“L,l*'^‘;;^™'= Brow more 

se:™ IS poured or aspu^ blood serum Blood 

onder aseptic -nd.tioi^”‘f -d -bich has been taken 
sterile senm is added ,o the “ ?=Bulate in flasks The 

no pipette which has ‘^fusion medium by means 

^n^ directly mto culture =^"="bred Serum may be 

« added to the ratio of Cl 1 “bserved Serum 

Hiss Serum Water r “ w ml of medium 

taefu ‘“'I -bich - diahred to remove 

W 20 m ''I™' ‘^dled ‘’‘'“‘"i ""'b three 

aons^^Ld^a" »d ™ at 100-C 
free nutnent broth mav v. ^ peptone water or 
be used instead of distilled 
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water. For fermentation tests an indicator and 1% of the desired 
carbohydrate is added. Acid formation is indicated by a change in 
reaction and a resulting coagulation of the serum. Gas production 
is apparent by bubbles of gas in the coagulated mass. 

Dunliam’s Solution. Peptone water is prepared by mixing 10 
gms. of peptone and 5 gms. of sodium chloride in 1,000 ml. of dis- 
tilled water. The medium is boiled for 5 minutes, adjusted to 
pH 7.6-7.8, cooled, and filtered through paper. 

This medium is used as a basic medium to which carbohydrates 
may be added for fermentation studies, and for indol production. 

Tryptophane Brotli. This medium is prepared by using tryptone 
instead of peptone in the method described above. It is used almost 
exclusively to detect the formation of indol by bacteria. 

The Indol test The medium is inoculated and incubated for 
two days. Various reagents may be used to detect the presence 
of indol but Kovac’s reagent is considered very reliable. 

KOVAC’S REAGENT 


Amyl alcohol 75 ml. 

Hydrochloric acid, cone 25 ml. 

p^methyl-aminoDenzaldehyde 5 gms. 


The test is conducted by overlaying the medium with 2 ml. chloro- 
form followed by 2 ml. Kovac's reagent. The medium and test 
reagents are not agitated. A positive test is apparent by the for- 
mation of a pink to deep red color in the chloroform layer. 

Strips of filter paper may be soaked with saturated oxalic acid 
solution and suspended in the test tube above the medium. Indol 
formation is noted by the formation of a pink color in the paper 
strip during incubation. 

Milk. Most bacteria grow in milk, so it is used alone, or as an 
enriching substance for other media. Litmus milk is prepared by 
adding aqueous litmus solution to fresh skimmed milk until a deep 
purple color is obtained. Bromcresol purple milk is rapidly re- 
placing litmus milk in many laboratories. It is prepared by adding 
10 ml. of a 1.6% alcoholic solution of bromcresol piirple to 1,000 ml. 
of milk. 

The changes which bacteria are able to cause in milk are quite 
varied; this makes it an important differential medium. Milk is 
coagulated by a rennet-like en^rnie or by the formation of acid pro- 
duced by the fermentation of lactose. The coagulum may be soft 
or hard. Lactose may be fermented to gas which can be observed 
in, the curd. Milk casein is peptonized by some bacteria but not by 
others. Casein may be digested but not coagulated. Many species 
of bacteria grow in milk without causing any physical change in 
the medium. 
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Nutrient Gelatin A good grade ol gnnuhted gelatin is ndded 
tomcat broth or beef extract broth Tw.cKctolS'' is usuallj added 
It IS advisable to use 15^c during hot stesthcr v.hcrcns 12^^ Is satis 
factory during cold sseathcr To dLssoUe the gelatin the medium 
IS heated over an asbestos pad or in a double boiler The medium Is 
then adjusted to pH 7 4-7 6 After the medium has cooled the 
white of egg which Ls added for clearing is thoroughlj stirred into 
the medium It is ogam heated to the boiling point and then filtered 
through a cotton pad The medium is tubed and then sterilized in 
flowing steam for 20 minutes on three conscculU e dajTS It is cooled 
at once upon removal from the sterilizer 


In addition to being a medium which produces n solid su^^^ce 

platm IS of value because it IS liquefied (hjdrol>*zed) b> some 

tpes of bactena Since the medium becomes liquid at about 25®C^ 
; ^ lower temperature. 20“C is usually 

bactena produce difTerent tjpes of 
liquefaction when stab cultures are made (Fig 4 8) 

which ^fi^ragar is a carbohjdrate-like matcnal 

ously 10-15 mmutAfl t mixture mast be boiled \ngor 

clearing and the m ^ ^ agar Egg white is then added for 

mmut« ■" «>' “tochva nl 15 pou!^ tor 15 


ky any of tL osuaUemJ^ralurc^'f'"° v 

an ideal solidifying agenUor man I t *' ■= 

Blood Scrim AgaT st je Sn^"'^^^ 
stoile melted nulnent agar which han't^^"’ 
mrfmm is then sohddied and 

substituted for serum ^ Ascites fluid ma> be 

Blood Agar Whole bloivl 

pathogemc bactena It not nnilf ° cultivation of 

medium but as a diagnostic one excellent nutnUve 

hemoglohm “me baelena are able to reduce 

lu^lar vem of one of the Wet-**”"' “ “moved from the 

collected m a sterile flask cLlar'"'“ '•'“P) 

Sffih T® *’'' “'“‘“'e process T„fl ® ‘= 

ini ’’m lias been removed The A ni^ “Ptmually shaken until 

mt^other sterile flask Add S, 

Sit, Base which hS i “P amiable carbo- 

‘3’'^ formation of bubbles The "’*='"3 carefully to pre- 
«ie medium contained m the tesl 
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tubes is then slanted for hardening. Petri dishes may be poured 
after the blood has been added to the medium. To insure a per- 
fectly smooth surface and medium free of bubbles, the lid of the 
dish is raised and the surface of the medium is heated momentarily 
■with the Bunsen flame. It is best to incubate blood agar for 24 hours 
to determine sterility. 



A B C D El 

FIG. 4.8 —Types of liquefaction of gelatin. A, crateriform; B, nopiform; C, 
Infundlbuliform; D, saccate; E, stratiform. 


Edwards’ Medium, The examination of milk samples to detect 
the presence of streptococci is facilitated by the use of special media. 
Edwards has suggested the following media which are helpful in the 
diagnosis of bovine mastitis. 


Liquid medium. 

Meat infusion broth pH 7.4 950 ml. 

Sterile ox or horse serum 50 ml. 

Dextrose 10 gms. 

Crystal violet qs 1:200,000 concentration 


Solid medium. 

Meat extract agar pH 7.4 1,000 ml. 

Defibrinated ox blood 50 ml. 

Esculin 1.0 gm. 

Crystal violet (0.1%) 2 ml. 


Put esculin in solution by boiling in a small amount of water 
and then add last three ingredients to melted agar at 50®C. 

The crystal violet inhibits the staphylococci, colonies of E. coli 
and related species are black, due to the reaction with esculin. Col- 
onies of Streptococcus agalactiae are made purple by the absorption 
of gentian violet. 

Sodium Azide, Crj'stal Violet Blood Agar. Streptococci, staphy- 
lococci, micrococci, and the swine erysipelas organisms are not in- 
hibited by weak dilutions of sodium azide, whereas most of the other 
species of bacteria fail to grow. During the study of udder strep- 
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tococci Packer has found the following medium valuable m routme 
examination of milk samples for the presence of Str agalacttae and 
as an aid in the isolation of streptococci from various sources 

Meat mfus on Sqq ml 

V, ^ 16 gms. 

bodium dilonde 5 mns 

18 

Sodium azide qj 

“lueous solution 2 5U 

Uist H O q s 1 fuyi _i 

AdjusttopHTO 

Co"ito'50*c”‘°''*''"'®“’”" otlSlhs pressure 
" defibnnatcd Hood 

Pour into petn dishes or test tabes tor slants as desired. 

1 2 ““dotation of sodium az.de m the above formula is 

■I <i UUO and of crystal violet 1 500 000 

thecrv^l especially Str agalacttae, absorb 

S“me?Sl™t " hemolysts around the 

2 ~?rr» '"a" “ddium ts used 

classified as non hemol t ^ °ddmary blood agar Certain species 
betahemol^tcv,hengroruZ‘’thJSt'’'^ =fiar are distmctly 

nwy be grown En/srpelothrw: rJiustopathiae 

sodium azide to 1 1 000 and of ^ dicreasmg the concentration of 
Chocolate f4arTo“:;.“^fl ™'d‘ >0 1 100 000 
90°C 5 to 10% slenle defibrmaled bl"^'”' heated to about 
flasks are shaken gently to mix Ibo bi i** ='3ded The tubes or 
and then they are cooled The meU thoroughly -with the agar 
late color I, ,s not ^Uable^orT"^ =* -^dctded choco- 

adnurably for a stock medium fo^!„“”'‘‘''“" '’acteria but serves 
source of food cpccies which require blood as a 

Hormone Agar (Himtoon) Filtnu .v 

■S supposed to remove certam “tton or paper 

■nones) from media In order ta^r* '“'■ahmces (hor 

the foUowmg medium '* Huntoon has suggested 


Agar flakes 

cWonde 
Whole egg 


500 gms. 
1,000 ml 
10 gms. 
25 gms. 
5 gms. 


t? enameled 

'ncdium wdl begm to dot 
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which IS undesirable at this time The medium is now titrated by 
the addition of normal sodium hydroxide until it is slightly alkaline, 
and then 1 ml per liter is added The vessel is covered and placed 
m the Arnold sterilizer or in a water bath at a temperature of 
100®C for 1 hour, it is then removed, and the firm clot which has 
formed is separated from the sides with a glass rod, and the vessel 
is returned to the sterilizer at 100®C for 1% hours It is removed 
and allowed to stand at room temperature for about 10 minutes in 
a slightly inclined position During this time the fluid separates and 
may be removed by pipetting or simply by pouring off caiefully 
The product is allowed to stand m tall cylindeis (glass graduates) 
for 15 to 20 minutes until the fat has risen to the surface when it 
can be removed The medium is now tubed and sterilized by the 
intermittent method Autoclaving is avoided If the medium, al- 
though clear enough for all practical purposes, seems too turbid, 
further clearing is obtamed by filtration through glass wool, as 
bestos wool sedimentation or centrifugation Under no circum- 
stances should the medium come in contact with cotton wool, oi 
filter paper 

Liver Infusion Agar Boil 500 gms of finely chopped beef liver 
m 1,000 ml of water for 2 hours and then filter through glass wool 
Add 20 gms of peptone and 1 gm of dipotassium phosphate Adjust 
reaction to pH 6 8 To this add 15 gms agar and heat until thorough- 
ly melted The medium is again filtered and is then tubed and 
sterilized at 15 pounds pressure for 15 minutes 

Potato-Glycerin Agar Grind 500 gms of potato and place 
in an open vessel Two liters of distilled water aie added and the 
vessel IS placed m a water bath and heated at 60®C for 12 to 16 
hours The mixture is then filtered through cheesecloth and again 
made up to 2 liters by the addition of distilled water By this method 
the finely ground potato is removed, leaving the clear extract To 
the extract are added 50 gms of shredded or powdered agar, 10 gms 
of beef extract, 20 gms of dextrose, and 40 ml of glycerin The mix- 
ture IS then subjected to 15 pounds of pressure for 30 minutes to 
dissolve the agar Followng this the pH is adjusted to 6 8 and the 
medium is placed in tubes or stored in flasks which arc sterilized 
for 15 minutes at 15 pounds pressure in the autocla\c 

RnUinnl Grccn-Bilc Medium 


Bncto-p«ptonc 

10 

pms 

Bncto-lacto^e 

10 


B-icto-oxcin 

20 

pms 

Bicto-briJUint preen 

0 0133 

pni 

Distilled water 

1 000 

ml 


This rntdium is used in mdk and water analysis ns a pre- 
Mimplivo test for the presence of E colt Tlic presence of bile and 
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brilliant green in the medium inhibits the growth of many con 
taminating types of bacteria After the above ingredients have been 
dissolved m the distilled water the medium is placed m fermentation 
tubes and sterilized for 15 mm at 15 lbs pressure The final pH 
should be 7 2 


Formate Ricinoleate Broth 

Bacto peptone «; pmc 

Bacto lactose 5 

Sodium formate 5 

Sodium ricinoleate 1 

DisbUed water 

This medium is used m milk and water analysis as a selective 
me lum or the colon group The sodium formate mcreases acid 

rtf ’’y ® '«lule sodium ricinoleate inhibits the 

groivth oi gram postive types of bacteria 

mg toilkf P'=Paied by dissolving the mgredients m bod 

Img W ir m fermentation tubes and auto 

ciavmg 15 nunutes at 15 noiindB 
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in the autoclave 15 minutes at 15 pounds pressure. The day the 
medium is used 2.0 ml. of iodine solution is added to each 100 ml. 
of medium. The iodine solution is prepared by dissolvmg 6 gms. 
iodine crystals and 5 gms. potassium iodide in 20 ml. of water. The 
medium is thoroughly shaken and distributed in test tubes for 
inoculation. 

Tetrathionate broth is used as a selective enrichment medium 
for the isolation of Salmonella from feces or intestinal contents. 
After inoculation the medium is incubated 24 hours and then 
streaked out on differential plates for positive selection and indenti- 
fication. 


Selenite Broth 

Bacto-tryptone ^ gms. 

Bacto-lactose . ^ gms. 

Disodium phosphate *0 gms. 

Sodium acid selenite 5 gms 

Distilled water . .1,000 ml. 


The medium is prepared by dissolving the above ingredients 
in the boiling water. It is then dispensed in sterile culture tubes. 
Excessive heating must be avoided and the medium must not be 
autoclaved. 

Selenite broth is used as a preliminary enrichment medium for 
the isolation of Salmonella. It inhibits coUform bacteria and entero- 
cocci. After 24 hours incubation of the inoculated tubes, plates of 
SS agar are streaked in order to isolate the Salmonella. 

Endo’s Agar (Modified). A basic medium is prepared by adding 
5 gms. of beef extract, 10 gms. of peptone, and 30 gms. of agar to 
1,000 ml. of distilled water. The mixture is heated and adjusted to 
a pH of 7.8-8.2, is then filtered and placed in 100 ml. lots in small 
flasks, to which are added 10 gms. of lactose. The medium is then 
sterilized 15 minutes at 10 pounds. Just before the medium is to be 
used, add aseptically 10 ml. of a 2.5% solution of sodium sulphite and 
0.5 ml. of an alcoholic solution of basic fuchsin which is decolorized 
to a light straw by the sodium sulphite. The medium is then poured 
into Petri dishes and incubated overnight to test sterility. 

This medium is used as a confirming medium for the presence 
of Escherichia coU and related microorganisms. The colonies of 
colon bacilli are vermilion in color and color the surrounding 
medium. Colonies of the typhoid-dysentery group are grayish; and 
streptococci are deep red. The reactions are due to the fermentation 
of lactose and the formation of acetaldehyde which is fixed by 
sodium sulphite; this reaction in turn restores the color to basic 
fuchsin. 
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SS (Salmonella Shigella) Agar 
Bacto beef extract 
Proteose peptone 
Bacto-lactose 
Bacto bile salts no 3 
Sodium citrate 
Sodium tluosulfate 
Ferric citrate 
Bacto-agar 
Bacto-brilliant green 
Bacto neutral red 
Distilled water 


5 gms 

5 gms 

10 gms 

85 gms 

85 gms 

85 gms 

1 gm 

13 5 gms 

000033 gm 
0 025 gm 

1 000 ml 


This medium is employed to diBerentiale those bacteria which 
likewise IS designed to 

Mi‘cfte*^ef ” 

bactM?a*oot the Salmonella and Shigella as well as other 

uncolored e lactose, grow m transparent or translucent 

iow mihe bactena which may 

grow m the medium form red colonies 

tilled water anrthi.n'h*'T'*'^ placing the ingredients m cold dis- 

which IS allowed to the medium 

partly removed This allows th^^s <°c ^ 

■e important for maximum results" Thru”' *“ 

te^u'ts The final pH of the medium is 7 0 


Urea Agar Base 


Bacto peptone 
Dextrose 
Sodium chloride 

Phenol red 


gm 
gm 
gms 
gms 
gms 
0 012 gm 


The m d ^ 

29 grains m 100 ml^SS ingredients 

^Idled water dissolve 15 grams ara""'^ J I" 900 ml 

for 15 mmules at 15 poun*^^ ® sterilize m the autoclave 
»ncen, rated urea base mSiuS^ ".tT *=’' *o 

to ?°^9*'^fod medium is then disn aseptic conditions 

^’-‘=01 allowed 


1 , , meaium IS then •. 'laepnc conditions 

he rehe .''a" P^ita W ' p ™<f allowed 

tion P ^ essential that slants ar« medium cannot 

S addme to hSl “£ P-Pa- 

; s:--X°a^ruse‘’i7„^ 

turned fofanv from'ouLTenl”' *“ 

cultures are ^^‘^ena able t species It may 

alkaline reacfm'° ’'I ’'''’fflne urea Proteus 

aeaetion wiftm 4 hours^er 2 = "-arked 

^noamoeulation While aerobaeter 
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and paracolon types do hydrohze this medium they do so more 
slowly, requiring 3-5 days to completely alkalmize the medium 
Salmonella and Shigella arc not able to produce alkalinity in this 
medium 


Nitrate Agar 

Beef extract 3 gms 

Peptone 5 gm*: 

Potassium nitrate 1 Sm 

Agar 12 gms 

Distilled water 1,000 ml 


Tlie above ingredients arc heated thoroughly to melt the agar, and 
the pH adjusted to about 6 8 The medium is tubed and sterilized 
in the autoclave 15 pounds, 15 mmutes, and the tubes are then 
slanted Inoculation ivith the test organism is made by streaking the 
slant and stabbing into the butt of the medium The cultures are in- 
cubated 24 to 48 hours 

The above medium is used to detect the reduction of nitrate 
to nitrite It is tested for the presence of nitrite by the following 
reagents 

SOLUTION A 


5/N Acetic acid 1 000 ml 

Sulphanilic acid 8 gms 

SOLXmON B 

5/N Acetic acid 1,000 ml 

Alpha-amidonaphthylene 5 gms 


Add 2 ml of each solution (A and B) to the tube to be tested A red 
rose color will mdicate the presence of nitrite A control in check 
tubes of umnoculated agar should always be tested at the same time 


Lead Acetate Agar 
Agar 

Bacto-tryptone 
Dextrose 
Lead acetate 
Distilled water 


15 gms 
20 gms 
1 gm 
02gm 
1000 ml 


The ingredients are boiled until the agar is melted and the pH is 
then adjusted to 6 8 The medium is tubed and sterilized at 15 
pounds pressure for 15 minutes The tubes are slanted leaving 
generous butts Inoculation is made by streaking the slant and a 
stab into the butt 

The ability of some species of bacteria to form hydrogen sul- 
phide IS used as a differential criterion In the above medium those 
species which form H^S cause a blackemng of the medium adjacent 
to the culture, both on the surface of the slant and along the needle 
track of the stab inoculation 
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The formation of hydrogen sulphide by bacteria may also be 
detected by placing strips of paper soaked in lead acetate solution 
in the test tube with a medium which does not contain lead acetate 
Some authorities contend that even a trace of lead is inhibitory to 
some bacteria therefore the mcorporation of the chemical in the 
^dmm may explain why growth is not obtained in some instances 
The amount of lead acetate in a medium should bo below 0 O2''o 
which IS considered nontoxic 


Kligler Iron Agar 

Baclo beef extract 
Bacto yeast extract 
Baeto peptone 
Proteose peptone 


Dextrose 
Ferroias sulfate 
Sodium chloride 
Sod um thiosulfate 
Agar 

Phenol red 
Distilled water 


3 

15 

5 

10 

1 

02 

S 

03 


gms 

gms 

gms 

gms 


ems 

gm- 


0 024 gm 
ml 


1000 ml 

mg distilled wler discing the mgrcdients m boil 

stenliaug m the autockv ic'*' ” flashs as desired and 

(120»C) at 15 pounds pressure 

enterobacteria It dfeentati 'the'lLm'"^ f negative 

those which do not ferment fermentmg species from 

dextrose The fermenStion ferment 

the change of phenol red to yeSrtn™ noted by 

gas IS apparent by hobbles which forj^'.^^ lactose fermentation 
ermentation the butt of the medium In dextrose 

slant remains red Hydrogen sulfid^ yaUuw but the 

blackening of the medium “ Production is noted by the 

SIM ISIedium 


l^tonized iron Difco 
l^um thiosulfate 

uacto agar 
Distilled water 


30 £ 

0^ f 

- -.-.vs °®25 { 

This medium is nrcTiQ j t. ^OOO t 

m the boiling distilleT^fe h “'-ve ingredie 

indol and 

'nedium ,s inoculated by 
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stab method. A small amount of blackening along the needle tract 
is considered positive for hydrogen sulfide production due to the 
small amount of sodium thiosulfate in the medium. Motility is noted 
by the formation of a test tube brush type of growth around the 
central needle tract. Nonmotile bacteria do not penetrate into the 
semisolid agar in this manner. Indol production can be detected 
by placing paper strips soaked with saturated oxalic acid into the 
tubes hanging below the cotton plug about one inch. Kovae’s 
reagent may also be used, following the same procedure as is used 
in Punham’s peptone or tryptophane broth. 

Russell’s Double Sugar Agar. Add to 1,000 ml. beef extract agar 
10 gms. lactose, 1 gm. dextrose, and 10 ml. Andrade’s indicator. Tube, 
sterilize intermittently, and slant, leaving generous butts. Inoculate 
by streaking the slant and by stabbing into the butt of the agar. 

'This medium is used to differentiate the species of the genera 
Escherichia, Salmonella, and Eberthella. ’The first produces marked 
acid and gas, the second slight acid and gas, and the third slight 
acid only. 

Hibler’s Brain Medium. Boil either sheep or beef brain in equal 
amounts of water. Decant the fluid and press the brain through a 
potato ricer. Add to the decanted water 2% peptone and 0.1% dex- 
trose. Mix the brain and fluid together and adjust to pH 7.2. Tube 
in large tubes, filling them one-half full. Sterilize in the Arnold for 
30 minutes on three consecutive days. 

Dorset’s Egg Medium. Wash eggs with 5% phenol solution, 
allow to dry partially, pierce the ends and blow into sterile flasks. 
Add 10% water by volume to the weight of the eggs. Mix gently, 
filter through cheesecloth, tube, and slant in an inspissator. Coagu- 
late by heating to TO'C. 2 to 2^i hours on three consecutive days. 
Incubate 4 days to determine sterility. 

Eoefller’s Blood Senun Medium 


Fresh ox serum 3 parts 

1 % dextrose broth 1 part 


Tube and sterilize either by inspissating as above or by sterilizing 
in the autoclave. To prevent the formation of bubbles the following 
procedure must he followed: The steam is turned on suddenly with 
all outlets tightly closed until the pressure records 15 pounds. The 
mixture of air and high pressure prevents boiling. After the 
medium has been heated in this manner for 15 minutes, the steam is 
turned on slowly until the safety valve is slightly open. Heating is 
continued under this condition for 20 minutes. All outlets must 
remain closed tightly until pressure has been entirely reduced and 
medium has had an opportunity to cool. Under the above conditions 
an entirely smooth and absolutely sterile medium is produced. 
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Glycerin Agar-I^g Jlcdium To a basic meat infusion agar odd 
3% glycerm Add one egg yolk to each 150 ml of this medium A 
sterile egg yolk is obtained as follows plice the eggs in SO*;?} ethyl 
alcohol for 30 minutes remove one end with a flamed forceps, and 
pour out the egg white The yolk is then placed directly into the 
medium which has been melted and cooled to 45-50°C Shake until 
the egg yolk and medium arc completely mixed Under aseptic con- 
ditions the medium is tubed, slanted and then incubated for ster- 
ility Incubation is essential because the yolks of some eggs are 
kno%vn to be infected 

The medium is used for the cultivation of tubercle bacilli, but 
IS an excellent medium for the cultivation of most of the pathogenic 
bacteria The addition of 10% blood scrum to the medium increases 
its nutritive qualities 

Dorset’s Synthetic Medium Dorset devised the following 
medium for the preparation of tuberculin which is free of meal pro- 
tein 


1 asparagin 

Dipotassium phosphate CP 
Sodium citrate CJ’ 
Magnesium sulphate U SP 
Ferric citrate U SP scales 
Dextrose (cerelcse) 
Glycerol CP 
Distilled water to 


14 

180 

090 

1^0 

020 

10 

100 


III I I It 
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This medium is used for the isolation of pathogenic staphylo- 
cocci which ferment the mannitol forming yellow zones around the 
colonies It is especially useful m examming milk samples for mas- 
tiUs and other exudates containing staphylococci but heavily con- 
tammated with other bacteria 

Staphylococcus IVIedium No» 110 


Bacto-yeast extract 

2£ 

I gms 

Bacto-tryptone 

10 

gms 

Bacto-gelatm 

30 

gms 

Bacto-lactose 

2 

gms 

d-tnanmtol 

10 

gms 

Sodium chloride 

75 

gms 

Dipotassium phosphate 

5 

gms 

Bacto-agar 

15 

gms 

Distilled water 

1,000 

ml 


The mgredients are heated m boilmg water until completely 
dissolved and then sterilized m the autoclave 15 mmutes at 15 
pounds pressure Plates are poured while the medium is still hot 
at which time the flask is agitated to resuspend the precipitate 
which usually forms upon sterilization 

The above medium is used for the selective isolation of patho- 
genic staphylococci but also may be used to detect those strains 
which produce gelatmase In order to detect the latter characteristic, 
the inoculated plate is flooded with 5 ml saturated solution of 
ammonium sulfate and let stand m the incubator 10 mmutes Those 
organisms which are gelatmase producing are surrounded by a clear 
zone while the rest of the medium is opaque due to the precipitation 
of the non-hquefied gelatm by the ammonium sulfate 

Chapman Stone Medium 


Bacto-yeast extract 

2 5 gms 

Bacto-tryptone 

10 gms 

Bacto-gelatm 

30 gms 

d-xnannitol 

10 gms 

Sodmm chloride 

55 gms 

Ammonium sulfate 

75 gms 

Dipotassmm phosphate 

5 gms 

Bacto agar 

15 gms 

Distilled water 

1,000 ml 


The medium is prepared by dissolving the above ingredients in 
boilmg distilled water and then distributing it mto 100 ml flasks 
It IS sterilized in the autoclave at 15 pounds pressure for 15 minutes 
Chapman Stone medium is used for the selective isolation of 
pathogenic staphylococci and those which are gelatmase produemg 
It IS different from medium no 110 m that the ammomum sulfate is 
incorporated in its formula, consequently the reaction is obtained 
after sufficient incubation and the addition of ammonium sulphate 
solution IS not necessary Colonies of pathogenic and gelatmase pre 
duemg staphylococci are usually pigmented and surrounded by 



98 Veferinory Bacferiolo0y and VIrofogy 


clear zone The part of the plate not alTectcd b> gelatmasc is opaque 
due to the precipitation of the gclatm by Uie ammonium sulphate 
Micrococcus Toxin Medium The follow mg medium has been 
found very satisfactory for the cultixation of jlfiero aureus for toxin 
formation 


Sugar-froe veal Infusion broth 1 000 ml 

Proteose peptone 40 pnw 

Sodium blonde i ems 

SP' 2 ^ 

1 03 pm. 

100 ml 

C 

The above ingredienls arc healed in the Arnold for 30 minutes, 
ffllered, and the pH is adjusted to 7G It is then distributed into 
flat-bottomed flasks or medicine bottles to a dcpUi o( 5 mm and 
*en autoclaved The medium is inoculated with a pipette allowing 
the inoculum to flou entirely over the surface Tlie cultures are 
“"'““"•'f Old Ihc nir volume is 
efeht df *° T “"Sonism is mcubalcd at 37'C for six to 

olutwn and medium is thoroughly broken by shaking The bquid 

.am’'L;^“^?Lrr^'nttTittoxrn”^ 


Thioglycollate Medium 
Barto-yeast extract 
Bacto»casjtone 
Dextrose 
Sodium chloride 
wystme, Difco 
Thioglycollic acid 
Agar 

Distilled water 


5 Kms. 
15 gms 
1 Bm 
25 Ema 
005 gm. 
05 ml 
075 gm 
1000 ml 


mg distilled 'v™r'^irK'fte'i?d*’™'“i’''‘"® ‘■'Ertdicnts in boil- 
and sterdiaed in the aioebveT™ i*" 

Tluoglycollate medium J ieT,rth ' ' 

anaerobic and anaerobic hacterrvvnbn. . ^'’ 

anaerobic conditions It .s used J r “ '"=dium under 

biotics for sterJity testing biologies and anti- 

Potato Cylinders are cut frr.^ . 
corer or special potato borer The means of an apple 

longitudinal cut so that each h^f L”' *T l>y a diagonal 
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In the study o£ bacteria it is necessary that one deals with pure 
cultures, that is, that only one W o{ orgamstn he present m the 
material which is to be studied, because it is quite impossible 
determine from mixed cultures which of the organisms presen 
brmg about observed changes Bacteria are present upon the s^- 
face of all laboratory apparatus, m the dust, and upon the hands, 
they are ubiquitous Hence, stenlization is a necessity The use oi 
sterile mstruments and dxessmgs m surgical operations emphasizes 
the need of vanous procedures for killing bacteria The preparati^ 
of operative fields, the treatment of wounds, the sterilization of milk- 
ing equipment, and the disinfection of poultry houses and cattle 
bams are examples of the use and need of methods to destroy 
bacteria 

The destruction of microorganisms may be accomplished by 
physical and chemical means The former method is often called 
sterilization while the latter is termed disinfection, this is not a set 
rule, however, for the ultimate action which kills the organism may 
be the same when either a physical or a chemical method is 
employed Boding coagulates bactenal protoplasm, and so does 
a salt of a heavy metal Natural desiccation removes water from the 
bactenal cell, so does a dehydratmg chemical It cannot be said that 
stenlizatioD refers to the destruction of nonpathogemc bacteria, and 
disinfection refers to the pathogenic bacteria Sterilization is always 
aimed at both types, while disinfection, m its true sense applies 
only to the pathogenic varieties 

Many gener^ terms, such as bactcriacide, are used to designate 
methods of destroymg bacteria Anythmg that kills germs is a 
gcmicide, that which kills algae is known as an algactde, that which 
k^ fungi IS c^led a fungicide, that which kills a virus is a virucide 
The tera antwcptie is commonly apphed when chemicals are used 
to inhibit the growth of bacteria This inhibition of growth is often 
referred to as boctcrtostosis The chemical does not need to be the 
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type nor the concentration to actually kill organisms which are 
present. The term antiseptic is used in the true meaning of the 
word, anti = against and sepsis = decay. When no pathogenic 
bacteria are present the term aseptic is often used. Asepsis may be 
brought about by physical or chemical methods. Certain disinfec- 
tants and antiseptics are added to sera and bacterial suspensions in 
small quantities which act as preservatives; organisms which acci- 
dentally may be present are inhibited in growth and in time 
actually perish. A deodorant is anything, usually a chemical, which 
removes or masks odors. It is not to be inferred that a deodorant 
IS always a disinfectant; frequently it is not. People have associated 
disinfectants with odor, however, and they often judge the killing 
power of a chemical mixture by its odor. It is an unfortunate 
circumstance in the practice of medicine when a disinfectant with 
a disagreeable odor is used. Undesirable professional odors should 
be avoided; especially since many disinfectants with pleasant odors 
and high efficiency are available. 

For convenience of presentation the physical agencies which 
cause the destruction of bacteria will precede the discussion of the 
chemical compounds. 

PHYSICAL DISINFECTION 

Uglit. It was noted in Chapter 3 that most bacteria require 
an environment of darkness for optimum growth. Light is probably 
the most effective germicide in the universe. In judging the effect 
of sunlight and other raffiations on bacteria, a nximber of factors 
must be considered: (1) the wave length and intensity of the radia- 
tion, (2) the kind of organism, (3) the medium in which the 
organism is contained, and (4) the time of exposure. 

Early in the study of the action of sunlight on bacteria it was 
found that various portions of the spectrum were more germicidal 
than others. A review of a portion of the spectrum (Fig. 5.1) will 
emphasize that it is divided into various portions based upon the 
wave length of the radiation. Wave length is expressed in Angstrom 
units, A., (lA = 1x10"^ mm. or 1/10,000,000 mm,). 

The most germicidal rays are those ranging from 2,540 A to 
2,800 A, but those from 2,100 A to approximately 3,200 A possess 
high bacteriacidal properties. It is seen that these rays are found in 
the ultraviolet section of the spectrum. The other rays, however, 
are not without effect in inhibiting bacterial life. Li^t from which 
the ultraviolet rays have been filtered is inhibitory to the multipli- 
cation of bacteria. Infrared heat radiation is a valuable adjunct to 
the action, of ultraviolet rays, for it has been shown in tropical coun- 
tries that the increased action of ultraviolet light is partially due 
to increased heat. 
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The Cooper-Hewitt and other mercury vapor arc lights and 
carbon arc lamps are used to produce ultraviolet hght The glass 
usually used in lamps does not permit the passage of ultraviolet 
rays, so it is replaced by quartz Artificial ultraviolet radiation may 
be used for a variety of purposes, chief among which m bacteriology 
is the sterilization of water and the study of the germicidal effect of 
the intensity and length of such rays 

Bacteria vary in their resistance to the action of light Ob- 
viously, the sporefomung types are the most resistant due to the 
compact nature of spore protoplasm The vegetative cells of the 
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which enhances the action of surrounding ions and may also bring 
about the dissolution of the organism. A more recent explanation 
is that of Buckholz and Jeney who claim that the energy produced 
by waves 2,530 to 2,650 A displace sufficient electrons from the bac- 
terial protoplasm to produce irreversible photochemical changes 
and subsequent death of the cell. 

Electricity, Currents of both low-frequency and high- 
frequency electricity have been used in order to detect their effect 
on bacteria. The effect of such currents is difficult to evaluate, 
however, since many varied conditions are used in the experiments. 
Most investigators report that bacteria are rendered nonmotile in 
some cases, and in other instances they are killed. Death is due to 
the action of chemicals liberated by electrolysis, such as chlorine 
from sodium chloride, or to the heat generated by the electric cur- 
rent. No practical use has been made of the destructive action of 
electricity upon microorganisms, as the method is difficult to apply 
and, as yet, is considered quite inefficient. 

Other Bays and Waves. The action of roentgen ray (X rays) 
upon bacteria has been subjected to much study, but the reports 
which have been made are too contradictory to conclude that such 
rays are detrimental to bacteria or are of practical significance. The 
same is true of cathode rays, radium, sonic, and supersonic waves. 

Heat. Another effective physical agency which is commonly 
used to destroy bacteria is heat. It was noted in Chapter 4 that 
temperature is an important factor in the growth of bacteria and 
that different types of microorganisms react differently to temper- 
ature variations. This must be stressed again here, for it is obvious 
that the maximum growth temperature of a thermophilic organism 
may be the thermal death point of a mesophilic organism. The 
thermal death point of an organism may be defined as that tempera- 
ture which, under given conditions, will certainly destroy all the 
ceils. The accurate determination of the exact temperature that is 
necessary to destroy various species of bacteria is frequently of 
great economic importance. Efficient sterilization and pasteuriza- 
tion can be accomplished only when facts are known. Many meth- 
ods have been suggested. In the laboratory the determination is 
frequently made by subjecting freshly inoculated tubes of broth to 
different temperatures in a water bath for ten minutes each. For 
reliable results more accurate methods are needed. One of the most 
common and best is the use of a long, slender, glass vial. A definite 
amount of culture is introduced into the vial, and the open end is 
sealed in the flame. The vial is completely immersed in a water bath 
and suspended by wires or by some other method, so that it doe.s 
not come in contact with the walls or bottom of the bath as it is 
heated. A number of vials are prepared. One is heated five minutes, 
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another 10 minutes, at 50°C The tcmpcralurt is raised Uvo de- 
grees and two more vials arc exposed This procedure of heating 
two vials with each increase of two degrees is continued up to "O'' 
for the sporeless bacteria The vials are cooled quickly, and after 
exposure, their contents arc mixed witli agar m a Petn dish, or are* 
added to a tube of other suitable medium Tins is then incubated 
several days The minimum temperature required to destroy the 
bacteria can readily be determined by a comparison of the tubes. 
Bacteria do not die instantaneously even under the action of heat 
The following factors must be taken into consideration in detcrmin- 
mg the thermal death point of bacteria and the rate of death 


1 The Speciyic Character of the Orgonism The intrinsic van- 
aUons m the character of protoplasm of different species make it 
Mcessary to determme the thermal death point for cadi species 
Young cultures of bacteria are more quickly killed than old ones 
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5. Time of Exposure. In general, the higher the temperature 
the shorter is the period required to destroy life in the cells. Ten 
minutes exposure is the usual standard. Wlien the thermal death 
point of an organism is mentioned, it is without meaning unless the 
time is given. 

Sterilization by the Flame. The destruction of microorganisms by 
the use of the flame is highly effective when the material to be 
sterilized is either indestructible or is to be destroyed. The plati- 
num wire used in the laboratory in the transfer of bacteria is steril- 
ized by heating to a red heat in the flame of the Bunsen burner. The 
open flame is also used to kill bacteria smeared on slides prepara- 
tory to staining. The destruction of infected clothing, bedding, 
buildings, etc., by flame during an epidemic of disease is effective. 
The burning of carcasses of animals having died with infectious 
diseases is practiced. The flame also has been used as a means of 
disinfecting concrete floors and the surfaces of ground. 

Sterilization by Hot Air. Glassware, is commonly sterilized by 
subjecting it to a temperature of 150°C. to 170*^0. iq a hot-air oven 
for an hour.^'"^! bacteria will be destroyed at this temperature 
providing the material to be sterilized is of such nature that heat can 
penetrate readily to all parts. This metliod cannot be used, however, 
in the sterilization of liquids or of any organic material which might 
be decomposed at such a temperature. 

Sterilization at Temperatures Lower Than tlie Bolluig Point. 
It is sometimes necessary to sterilize a medium, particularly blood 
serum, at a temperature lower than the boiling point of water. This 
is accomplished by placing the material to be sterilized in an 
apparatus where it may be heated to the desired temperature, 
usually 70° to 80°C. for 1 to 2 hours on each of five or more con- 
secutive days. When it is known that only vegetative cells are 
present this method of sterilization is effective, but if large numbers 
of spores of certain organisms, such as Bacillus subtilis, are present, 
it is almost impossible to sterflize efficiently by this method. The 
inspissation of certain culture media, especially egg and blood 
serum media, should be done at temperatures lower than boiling in 
order to obtain a uniformly smooth-surfaced product. 

Pasteurization. A practical iise of lower-t han^boiling tempera- 
tures for the killing of bacteria is in the process g enerally known 
as pasteu rization. In the pasteurization of milk two methods are 
employed. The holding method requires the heating of milk to 
142°F. to 145°F. for a period of 30 minutes. The flash method 
requires the milk to be held for 15 seconds at 160°F. Both tempera- 
tures are high enough to kill the vegetative cells of pathogenic 
bacteria, but not high enough to kill spores or heat resistant forms. 
It is a process intended to make milk more safe for human con- 
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another 10 nunutes at 50®C The temperature is raised two de- 
grees and two more vials are exposed This procedure of heatmg 
two vials with each increase of two degrees is continued up to 70'* 
for the sporeless bacteria The vials are cooled quickly, and after 
exposure, their contents are mixed with agar in a Petn dish, or are 
added to a tube of other suitable medium This is then incubated 
several days The mmimum temperature required to destroy the 
bacteria can readily be determmed by a comparison of the tubes. 
Bacteria do not die instantaneously even under the action of heat 
The foUowmg factors must be taken mto consideration m determin- 
ing the thermal death point of bacteria and the rate of death 


1 The Specifu: Character of the Organism The mtrinsic vari- 
ations m the character of protoplasm of different species make it 
necessary to determme the thermal death pomt for each species 
Young cultures of bacteria are more quickly killed than old ones 
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5. Tiiue of Exposure. In general, the higher the temperature 
the shorter is the period required to destroy life in the cells- Ten 
minutes exposure is the usual standard. When the thermal death 
point of an organism is mentioned, it is without meaning unless the 
time is given. 

Sterilization by the Flame. The destruction of microorganisms by 
the use of the flame is highly effective when the material to be 
sterilized is either indestructible or is to be destroyed. The plati- 
num wire used in the laboratory in the transfer of bacteria is steril- 
ized by heating to a red heat in the flame of the Bunsen burner. The 
open flame is also used to kill bacteria smeared on slides prepara- 
tory to staining. The destruction of infected clothing, bedding, 
buildings, etc., by flame during an epidemic of disease is effective. 
The bimning of carcasses of animals having died with infectious 
diseases is practiced. The flame also has been used as a means of 
disinfecting concrete floors and the surfaces of ground. 

Sterilization by Hot Air, Glassware is commonly sterilized by 
subjecting it to a temperature of 150^C. to 170°C. iq a hot-air oven 
for an hour.^^U bacteria will be destroyed at this temperature 
providing the material to be sterilized is of such nature that heat can 
penetrate readily to all parts. This method cannot be used, however, 
in the sterilization of liquids or of any organic material which might 
be decomposed at such a temperature. 

Sterilization at Temperatures Lower Than tlie Boiling Point. 
It is sometimes necessary to sterilize a medium, particularly blood 
serum, at a temperature lower than the boiling point of water. This 
IS accomplished by placing the material to be sterilized in an 
apparatus where it may be heated to the desired temperature, 
usually 70° to 80°C. for 1 to 2 hours on each of five or more con- 
secutive days. When it is known that only vegetative cells are 
present this method of sterilization is effective, but if large numbers 
of spores of certain organisms, such as Bacillus suhtilis^ are present 
it is almost impossible to sterilize efficiently by this method The* 
inspissation of certain culture media, especially egg and blood 
serum media, should be done at temperatures lower than boiling in 
order to obtain a uniformly smooth-surfaced product. 


Pasteurization. A practical use^ of lower-t hanrboiling^i^Tnpcu.- 
tures for the killing ^ bacteria is in the proce ss generally'kno^* 
as pasfe urtZQtion. In the pasteurization of milk tv^methods**^^ 
employed. The holding method requires the beating of 
142°F. to 145°F. for a period of 30 minutes. The flash m h 
requires the milk to be held for 15 seconds at 160°F. Both t 
lures are high enough to kill the vegetative cells of n 
bacteria, but not high enough to kill spores or heat resist 
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sumption and to prolong its keeping period, but is not intended for 
a substitute for sanitation m the production and handling of milk. 
Pasteurization is also used m the treatment of antisera used for the 
immunization of animals, for the caniimg of fruits and vegetables, 
and for the preparation of wines and other beverages 

Sterilization by Steam. It is well known that hve steam is an 
efficient sterilizmg medium Steam is used m the surgery for sterihz- 
mg instruments, m the milk plant and dairy for sterilizmg equip- 
ment, and m cannmg procedures and for many other purposes Steam 
under atmospheric pressure at sea level has a temperature of about 
100“C Some type of apparatus should be used so that the hve 
steam comes m direct contact with the material to be sterilized One 
ype of apiMratus used m the laboratory is called the Arnold steam 
Sterilizer (Fig 5 2) 
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pressure is adjusted to maintain the temperature for the required 
length of time. Material to be sterilized should be allowed to re- 
main 15 minutes in most cases. If large bulks, such as flasks of 
media and packages of dressings are to be sterilized, a longer period 
must be allowed for the heat to penetrate into the center of the 
objects. Material wrapped 
in cloth or paper should be 
placed on edge, instead of 
flat, so steam will circulate 
through the packages more 
easily. When properly car- 
ried out, sterilization by this 
method will certainly de- 
stroy all the bacteria pres- 
ent. Its principal disadvan- 
tage is that certain organic 
substances may be decom- 
posed at such high tempera- 
tures. 

Freezing. Freezing can- 
not he depended upon as an 
effective method to destroy 
microorganisms. Alternate 
freezing and thawing cause a 
marked decrease in a bacterial population. Death probably occurs 
with the solidification of the bacterial protoplasm and, no doubt, 
is mechanical in nature. Bacteria kept frozen in ice, however, re- 
main alive for considerable periods of time. 



FIG. 5.2 — The Arnold sterilizer. 


Desiccation. Since water is so essential to the life of micro- 
organisms, it is apparent that the removal of it would be detrimental. 
Drying is one of nature's most effective means of controlling the 
growth of all bacterial life. We see it active in the preservation of 
fruits and meat and in the prevention of the decay of trees and 
other vegetation. 

A number of factors must be considered in evaluating the 
effects of desiccation on bacteria. The various species of micro- 
organisms differ in their ability to survive drying. The cocci 
and actinomyces, in general, are more resistant than the rod-shaped 
bacteria. Whether the organism produces an endospore is of great 
significance in the maintenance of life. It will be recalled that 
spores are compact, dehydrated bodies of bacterial protoplasm and 
for this reason are able to resist desiccation for indefinite periods. 
A young actively growing culture of an organism is more readily 
killed by drying than one which has passed through the different 
growth phases and survived into a resistant state. The conditions 
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under which the water is removed from bacteria play an important 
role This is particularly true of temperature, rapiity of drying, and 
the gases present Generally, the higher the temperature the more 
rapid IS the death of bacteria It has been shown that bacteria de- 
hydrated at nearly freezmg temperatures and kept at that tempera- 
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sucli as vaccines, bacterins, and immune sera. Organisms dried 
rapidly are not as apt to be killed as quickly as those dried slowly. 

The death of microorganisms by desiccation is probably due 
to any or all of the following factors: concentration of salts pro- 
ducing plasmolysis, denaturation of proteins, destruction of intra- 
cellular enzymes, and the 
germicidal effect produced 
by oxidation. 

Filtration. Bacteria may 
be removed from a liquid by 
passing the liquid through a 
filter with pores so fine that 
the organism cannot enter. 

Such filters are made up in 
a great variety of shapes and 
densities. They are exten- 
sively used in the isolation 
of filtrable viruses in pure 
culture; therefore, a more 
complete discussion of filters 
and filtration will be found 
in a later chapter. A labora- 
tory “setup” of a filter ap- 
paratus is given in Figure 
5.4. This method of steriliza- 
tion is often used in the 
sterilization of media which 
may be altered by heat steri- 
lization. FIG. 5.4 — Loboratory filter apparatus for 

Filtration is also used removing bacteria from fluids, 

for the removal of bacteria 

from culture media when it is necessary to study their soluble meta- 
bolic products as well as in the removal of bacteria from sera which 
contain antitoxins and other antibodies. Filters of this character 
have been used for the filtration of a limited supply of drinking 
water. When first installed they are quite efficient, but it has been 
observed that the organisms rapidly penetrate through the filter 
walls, and in the course of time are found in the filtrate; conse- 
quently, such filters must be sterilized at intervals if they are to 
remain efficient. 

Although It cannot be considered a method of sterilization, it 
should be noted here that nature purifies water by filtration. The 
seeping of water through the ground and the various rock strata 
underlying it serves as a most effective way of removing bacteria. 
This process is used extensively by man in an artificial way, by 
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passing water through sand fillers m order to remove bacteria and 
organic materials It is true that biological action occurs m the sur- 
face of the earth and m the lop layer of sand which, also, aids m the 
destruction of bacteria, but filtration is the most important step of the 
process 

CHEMICAL DISINFECTION 

The destruction of bacteria by chemicals is most important to 
anyone wishmg to control the growth of bacteria, and is of special 
mterest to students of medicme The process of disinfection by the 
use of chemicals in a practical way dates from the time of Lister 
Smce that time volumes of literature have accumulated about the 
subject Only a brief discussion of some of the common chemicals 
and a summary of some of the factors pertaming to the process of 
chemical disinfection, the mode of action, and the methods of 
evaluating the relative efficiency of dismfectants can be given here 
Factors Affecting Chemical Disinfection* The factors which 
influence the process of chemical dismfection are extremely varied 
Zinsser and Bayne-Jones have summarized them under three 
separate heads as follows - 
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5. Presence of organic substances, especially proteins, which may 
react with the substance or form protective films on the organisms, 
usually reducing the action of the disinfectant. 

6. Pressure. Important in some cases, especially in reference to 
gaseous substances. 

7. Time. 

It is obvious that since so many factors influence the process 
of killing bacteria by chemicals, it is rather difficult to choose the 
best disinfectant or set of conditions for disinfection. It must be 
remembered, also, that these factors apply to the use of chemicals 
in vitro, and that many more must be considered when chemicals 
are applied to live tissues. 

Characteristics of an Ideal Disinfectant. Certain characteristics 
may be listed as belonging to an ideal disinfectant. If a particular 
disinfectant measures up to the characteristics of the ideal, it is 
valuable for general use. The most important of these character- 
istics are as follows: 

1. Germicidal poiuer. The ideal disinfectant should possess 
high germicidal power, that is, it should loll bacteria in dilute solu- 
tion. The ability of a disinfectant to kill microorganisms is usually 
compared with that of phenol. In. making such comparisons it is 
customary to use Eberthella typkosa, the cause of typhoid fever, as 
the test organism. Most commercial disinfectants, particularly the 
coal-tar products, are sold upon the basis of their phenol coefficient. 

2. Stability. A disinfectant to be most valuable should be rela- 
tively stable in the presence of organic matter. Some of the most 
powerful of the disinfectants combine with organic matter, forming 
insoluble compounds, and pass out of solution quite completely. The 
strength of the disinfectant thereby may be rapidly decreased to a 
point where it no longer destroys microorganisms. 

3. Homogeneity. Disinfectants should be homogeneous in 
composition. Substances which may be bought in pure condition 
or in crystalline form, such as mercuric chloride, are ideal from this 
point of view. Many of the commercial disinfectants, particularly 
those prepared from coal tar, may vary considerably in their com- 
position from time to time, and consequently in their germicidal 
value. 

4. Solubility. The ideal disinfectant is one which will dissolve 
in all proportions in water, of which alcohol is a typical example. 

5. Nontoxic to higher life. An ideal disinfectant is nonpoisonous 
to man and to the higher animals. Obviously, disinfectants which 
will kill one kind of cell and not injure another are not very com- 
mon. Most of the valuable disinfectants are somewhat injurious to 
tissues. Certain disinfectants, however, may be injected into the 
blood stream exerting a more harmful influence upon microorgan- 
isms than upon tissues of the body, destroying the former without 
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seriotisly injuring the latter A true example of this type is the 
arsphenamine used in the treatment of syphihs 

6 WoncoTTOsiue Inasmuch as disinfectants must frequently be 
used m contact with metals, fabrics, and other materials, it is highly 
desirable that they should not attack metal, mjure fabrics, leave 
stains, or bleach color 

7 PenetratioTi. Disinfectants differ decidedly m their power to 
penetrate materials to be sterilized An ideal disinfectant is one 
which penetrates rapidly and efficiently 

8 Economy The ideal disinfectant should be low in cost Cost 
must not be judged by volume but by killmg power One disin- 
fectant may cost more per gallon than another, yet it may have 
twice the killmg power Smce cerlam effective chemicals are very 
expensive, they can be used only m limited quantities and for 
special purposes The high cost of salts of silver for example, prac- 
tically limits silver to medicmal uses If the entire water supply of 
a city IS to he sterOized, a disinfectant must be chosen which is 
rclaUvely^expensive This also applies to the disinfection of public 
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in distilled water as well as in rather high salt concentrations. Salts 
do, however, exert a dehydrating action upon the media in which 
bacteria grow, and thereby cause inhibition of growth and eventual 
death. Due to the dissociation of salts, most of the germicidal action 
is caused by the effect of ions (ion effect) upon the bacterial cell. 
This effect may be the result of the influence upon cell permeability, 
the lyotropic action upon cell protoplasm altering cell metabolism, 
and the inactivation of enzymes on which the cell depends for the 
synthesis of food substances. 

Oxidation is one of the most common methods by which chemi- 
cals cause death. Many of the salts, for example, potassium per- 
manganate and sodium perborate, are active oxidizing agents. The 
halogen compounds also are noted for this kind of chemical action. 

Some chemicals which are used in sterilization are active re- 
ducing compounds. These, it is true, are not as commonly used as 
the oxidizing agents. The ferrous salts, sulphites, and thiosulphites 
are good examples of this type of chemical. 

Many of the most effective chemicals form irreversible com- 
pounds with bacterial protoplasm by the coagulation of the protein. 
The salts of the heavy metals, i. e., silver, mercury, zinc, copper, and 
bismuth, are active in this manner. The derivatives of benzene, the 
coal-tar products, chief among which are phenol and cresol, are used 
widely as the basis of many commercial disinfectants. These chemi- 
cals in their pure state, saponified or altered by the replacement 
of an H atom by another chemical, cause the death of bacteria by 
the coagulation of bacterial protein. 

Bacteriostatic Compounds. The bacteriostatic effect of dyes, and 
other chemicals not classed as dyes, is commonly employed to con- 
trol the growth of bacteria. Since many of the dyes are specific for 
certain species of bacteria, this method of control has three definite 
uses. First, it is possible to incorporate dyes in media to inhibit the 
growth of undesirable species, for example, the addition of gentian 
violet to media inhibits the growth of Gram-positive bacteria but 
permits the growth of Gram-negative types. Second, the bacteriosta- 
tic action of dyes is used to differentiate closely related species of 
bacteria, which is best illustrated by the use of basic fuchsin, thionin, 
and pyronin in differentiating the members of the brucella group. 
Third, dyes are used in the treatment of disease. Skin infections 
caused by Gram-positive cocci may be controlled by the use of 
gentian violet. The acridine dyes, acriflavine and proflavine, are 
used internally as general antiseptics. Chemicals not classed as 
dyes may be used in the same manner as has been demonstrated 
by sodium cacodylate which has been used for years as a pulmonary 
and general antiseptic. It has always been the hope of those inter- 
ested in chemotherapy that chemicals which would inhibit the 
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growth of bacteria in vivo would be discovered Ehrlich s discovery 
of salvarsan resulted from such mvestigaUons The subsequent use 
of arsenicals and compounds of bismuth and antimony m treating 
spirochaetal infections has stimulated the search for other agents 
which would be effective against bacteria 

The discovery by Domagk m 1932 that prontosil was an effec- 
tive chemotherapeutic agent against experimental streptococcal m- 
fection m mice, opened the pathway for the subsequent development 
of the sulfonamide compounds The most significant contribution 
to this development was the discovery by Trefouels and his asso- 
ciates, that the active part of the prontosil was para-ammo-benzene- 
sulfonamide, commonly known as sulfanilamide, subsequently, 
other compounds have been prepared by attaching other radicals 
to the nitrogen of the sulfonamide group These compounds possess 
different solubilities, toxicities, and specific chemotherapeutic effects 
The period between 1935 and 1942 may be called the “sulfonamide 
era” m chemotherapeutic research 

It IS quite likely that this era has not entirely ended for new 
compounds are being created, each claiming lesser toxicity for animal 
tissues and greater specificity for the various types of pathogenic 
bacteria 


The sulfonamide compounds which have been developed and 
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accessory substance, many being able to synthesize it. The structur- 
al formula of p-aminobenzoic acid is similar to sulfanilamide and it 
has been postulated by Woods and Fildes that sulfanilamide re- 
places p-aminobenzoic acid in cellular metabolism. The explanation 
for the specificity of the various sulfonamide compounds has not 
been developed as yet. 

“Furacin” is another type of bacteriostatic agent which has been 
recently developed. In 1944 Dodd and Stillman observed that 
several investigators had recorded the bacteriostatic action of furan 
compounds. Following the study of 42 different furan compounds 
they found that the nitro group was essential in activating the 
furans to produce greater bacteriostasis. Later Cramer and Dodd 
found that the most effective agent was nitrofurazone N.N.R.: 
5-nitro-2 furaldehyde semicarbazoiie, known now by the trade- 
mark, Furacin.® Numerous reports have been made showing that 
this compound is quite effective against skin infections in man 
particularly those caused by Micrococcus aureus. Reports of the 
value of Furacin in animal infections are not numerous. Kaplan 
has shown that external infections in dogs and cats responded 
quickly to the drug and Knowles, Knowles, and Knowles reported 
it of definite value in treating cases of otitis externa of dogs and 
cats. In addition to its bacteriostatic qualities Furacin may be used 
in wounds and incisions without fear of interference with healing. 

During very recent years the value of all bacteriostatic agents 
has been overshadowed by the antibiotics. The latter substances 
are discussed in detail in the next chapter. 

THE EVALUATION OF DISINFECTANTS 

The many chemicals which have germicidal power have made 
desirable the adoption of methods which determine the effective- 
ness of such chemical substances. In order to make wise selections 
of disinfectants, the user must have some value to which he may 
refer; furthermore, the testing of antiseptics and disinfectants is 
required by the federal government because all chemicals offered 
for interstate shipment or for import into or export from the United 
States are subject to the provisions of the Federal Insecticide Act 
and the Federal Food and Drugs Act, or both. 

Various methods of testing the germicidal value of chemicals 
have been devised. In 1881 Koch saturated silk threads with cul- 
tures of bacteria, treated them with the disinfectant and then 
transferred them into tubes of stenle broth in order to detect the 
growth of surviving cells. Kronig and Paul (1897) introduced the 
use of garnets which were submerged in the test culture, then 
transferred to the disinfectant, and then washed in sterile water. 

* Eaton Lioboratorics. Inc.. Xon^lch. Conn. 
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The wash water was cultured to determine the effect of the treat- 
ment Rideal and Walker (1903) were the first to use phenol as a 
standard with which the action of other disinfectants uas compared 
under standard conditions Chick and Marlin (1908) believed that 
the addition of 3 per cent dned human feces to the test solution 
would give a more natural condition for the test because most 
dismfectants were commonly used in the presence of organic matter. 
Subsequent tests which have been developed to measure disin- 
fectants have been based largely upon the technic outlined by 
Rideal and Walker The comparison of all chemicals to phenol has 
been criticized justly, however, and for that reason other methods 
which give a truer picture of the value of nonphcnol compounds 
have been advocated The real test of the ability of a chemical to 
kill bactera, and its value as a dismfcctant for use on skm and 
other tissues is not obtained by its action on bacteria suspended in 
disUlled water in a test tube, therefore, toxicity tests have been 
devis“d which measure the effect of the disinfectant or antiseptic 
on live tissue along with its ability to kill bactena 
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6 Amount of culture added to diluted disinfectants 0 5 ml to 
5 0 ml 

7 Resistance of test culture to phenol (dilutions killmg m 10 
mmutes, but not in 5 mmutes) 1-90 

8 Condition of tube in test plugged with cotton 

9 Temperature of test 20°C 

10 Time mtervals of the test 5, 10, and 15 mmutes 

11 Amount of medication mixture transferred (size of loop) 

4 mm loop (of No 23 B and S gage wire) 

12 Calculation of phenol coefficient highest dilution not killing 
in 5 mmutes but killing in 10 mmutes divided by same for 
phenol 

The calculation of the phenol coefficient will be clarified by the 
following example 
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It is appai ent that the highest dilution of disinfectant (X) not kill- 
mg in 5 minutes, but killing in 10 mmutes, is 1 350, likewise the 
dilution for phenol is 1 90 

The phenol coefficient is 350/90 — 3 89 

In order to avoid an impression of assumed accuracy, the 
phenol coefficient is calculated to the nearest 0 1, unless the coeffi- 
cient is less than 1 0, which m the above case would be 3 90 

The Wet Filter-Paper Method The wet filter-paper method is 
a germicidal test rather than a test of inhibitory properties It is 
used when the substance to be tested is not soluble or completely 
miscible with water, or for substances that are to be used in high 
concentration, such as soaps, tooth pastes, suppositories, dyes, dust- 
ing powders, salves, and ointments If the substance is to be used in 
the body cavities the test is earned out at 37®C , if not, the test is 
earned out at 20®C or at room temperature 

No 2 Whatman filter paper is cut mto pieces about 0 5 cm 
square, and sterilized m a plugged test tube at temperatures below 
170®C to prevent charrmg A suitable number of the paper squares 
are then impregnated with Micrococcus aureus, or other test 
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organisms, by immersion m a 24-hour broth culture of the organism 
The culture must have the standard resistance required for phenol 
coefficient testmg The wet moculatcd squares arc then placed m 
the liquid or solid substance to be tested, arranged m mtimate 
contact, and completely covered At the end of 5 mmutes, 10 


minutes, 15 minutes, or 1 hour, or any other desired length of time, 
the wet papers are removed with a sterilized, stiff, platinum wire 
bent at a sharp angle to form a hook and placed m 10 mb of sterile 
broth After all possible disinfectant has been removed (m the case 
of sticky substances, the needle must be used to aid in freeing the 
squares of adherent germicide) the squares arc retransferred to a 
fre^sh tube of sterile broth (10 ml ) and the tubes are incubated at 
37 for 48 hours, they are then observed for evidence of growth 
Resubcultures are always required m this test because the first 
tube of broth to which the fUter-paper squares have been added fre- 
quently contains sufficient antisepUc to exhibit inhibition of growth 
Both tubes of broth are usually incubated 

Fdter-Paper Mctliod. The dry fUter-paper method is 
^ed m tests of fumigants and of oils that are to be used where mois- 
of nan^ Sellar lo the wet filter-paper test, using squares 
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ism. The inoculated agar is then poured into a sterile Petri plate and 
allowed to harden. As soon as the agar has hardened, the test 
substance is placed in intimate contact with the surface of the agar. 
If it is a salve, it is first warmed sufficiently to soften and thus secure 
a complete peripheral contact As a control, warmed sterile petro- 
latum may be placed on another portion of the plate. The plates are 
incubated 24-48 hours under unglazed porcelain tops at 37°C. and 
are then examined for evidence of inhibition. If the preparation is 
antiseptic or inhibitory, a zone of clear agar will be observed around 
the portion where the substance has been in contact with the agar 
and the width of the zone will indicate the diffusibility of the 
inhibitory (antiseptic) agent. If there is no inhibition, growth of the 
test organism will be observed adjacent to and even under the test 
substance. 

The Serum Agar-Plate Method. Preparations recommended for 
use on open wounds, cuts, and abrasions are effective only if they 
exhibit activity in the presence of serous fluids. In testing such 
preparations the agar-plate method is modified by the addition of 
10 per cent sterile horse serum to the agar. 

The Agar Cup-Platc Method. The agar cup-plate method is 
inerely a variation of the agar-plate method. It is used on products 
liquid at the temperature of the test. The agar, or serum agar, is 
peculated as in the agar-plate method. Before the agar cools, a 
depression or cup is made in the medium by standing a sterile flat- 
bottomed glass tube, 1.5 cm. in diameter, in the liquefied agar; after 
hardening, the glass tube is removed by slightly twisting and pulling 
at the same time. Insertion of a sterile wire down the side of the 
tube for the introduction of air will eliminate much of the cracking 
° agar. Another method of preparing the agar cup plate is to 
^ ow the medium to harden and then cut out a disk in the agar, by 
aieans of a cork borer, 1.5 cm. in diameter. Several drops of melted 
^gar are placed in the cup to seal cracks or crevices. After the agar 
cup plate is prepared, 6 drops of the test liquid are placed in the 
cup, and the plate is incubated under an unglazed porcelain top 
° k hours. If there is a clear zone about the cup, the 

substance under test has inhibitory properties. Here, as well as in 
® agar-plate test, the agar in the clear zone may be tested for 
growth by subculture in broth to indicate whether the action is 
germicidal or merely inhibitory. 

Tests in the Presence of Organic Matter. In general, the tests 
outlined above will fake care of most of the preparations; however, 
special tests may be required to determine the value of producis 
recommended for certain purposes. For example, recommendations 

the label may make advisable the use of various additions of 
rganic matter, such as increased amounts of peptone or the 
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addition of gelatin, blood, ascitic fluid, saliva, urine, or feces, depend- 
ing upon the information desired 

The Toxicity Index. The use of various chemicals to disinfect 
skin and other tissues prior to surgical operations and for the treat- 
ment of infections has prompted the development of methods which 
measure the toxicity of sudi antiseptics for tissues An ideal anti- 
septic, obviously, would be one which would kill bacteria but would 
not mjure tissue cells Numerous investigators have devised methods 
which may be used to measure the toxicity index of a dismfectant, 
that IS, the highest dilutton of disinfectant required to prevent the 
growth of embryonic tissue divided bj/ the highest dilution to kill 
the test organism 

Lambert exposed fragments of human connective tissue to a 
salme suspension of Micro aureus and transferred them to different 
dismfectants After an hour of exposure the fragments were placed 
in physiologic salt solution where they were washed for a few 
mmutes and then embedded m plasma The tissue was examined 
a ter several days of incubation for evidence of growth of bacteria 
and tissue ceUs The chemicals tested included alcohol, argyrol, 
iodine, hydrogen peroxide, hypochlorites, mercuric chloride, phenol, 
potassium cyanide, potassium mercuric iodide, and tricresol Smce 
iodine Uled the cocci m strengths that did not injure the con- 
nective tissue cells, it was found to be the best disinfectant 
bv nsfn'T r.htT'* “'S'" modified the above technic 
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bacteria, and tissue; (4) bacteria; (5) tissue. Various concentra- 
tions of the antiseptics were used in. the cultures which were 
observed after 24 and 48 hours for evidence of tissue growth. They 
considered as the index of relative toxicity the ratio resulting by 
dividing the greatest concentration in which cells showed normal 
growth by the greatest dilution that killed the bacterium used, 
which would be 1.0 or more. The antiseptics which were tested 
had the following ratios: phenol 0.2, iodine 0.5, Mercurochrome 0.5, 
Metaphen 0.6, and Merthiolate 0.9, the latter being the least toxic 
of the group. 

The most recent technic introduced to determine the toxicity 
index of antiseptics is that of Salle and associates. Fundamental 
to the test is the determination of the Micro, aureus phenol co- 
efficients for various antiseptics by using the technic which has 
been described previously. Heart tissue fragments from 9-day- 
old chick embryos embedded in guinea pig plasma diluted with 
three parts of Tyrode’s solution and one part of embryonic fluid are 
used as the test-tissue cultures. Various dilutions of the disinfect- 
ants are made in chick embryonic fluid and added to the flasks 
containing the tissue cultures and examined for evidence of growth 
after 48 hours incubation. The toxicity index for the antiseptics 
is determined by dividing the highest dilution showing no tissue 
growth by the highest dilution showing no growth of Micro, aureus. 
The most eflicient antiseptic is the one having the lowest toxicity 
index. Table 5.1 shows results of the testing of several germicides 
obtained by Salle and Lazarus. Note that iodine appears to be the 
most ideal antiseptic as measured by the tissue culture technic as 
well as by the phenol coefficient methods. 

disinfectants and antiseptics in common use 

Space does not permit the listing of all chemicals which are 
available as disinfectants and antiseptics, nor is it the function of 
this book to discuss the chemical structure and the application of 
chemicals in the field or laboratory. Chemicals used as antiseptics 
and disinfectants are classed in definite groups, such as acids and 
alkalies. Various combinations of one group of chemicals with 
another (mercuric iodide) may be utilized in preparing more ideal 
disinfectants. Certain chemicals may be treated in specific ways, 
saponification of the cresols for example, to make a more ideal 
compound. It is obvious that these combinations are almost limit- 
less; hence it is easily understood why so many preparations are 
available to the user with each individual compound making its 
claim to being the most suitable for all types of disinfection. It is 
doubtful if there is a universal "ideal disinfectant,” nor is it essen- 
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ual that there should be such a substance Difiercnl clvcmicals 
should be chosen for di/Tercnt types of disinfection. One may excel 
in one situation where another is entirely inapplicable. 

Acids. The addition oi acid to any soluUoti containing bacterta, 
with the consequent increase in hydrogcn-ion concentration, m- 
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creases the rate of death Some bacteria, termed the addophtlcs, 
will grow well in relatively high hydrogen*ion concentrations. The 
ability of these organisms to grow in the presence of high concentra- 
tions of acid Is sometimes utilized in their isolation. Some types of 
bactena are able to survive the bydrogcn*lon concentration of gas- 
tric juice, which makes them of greater consequence m intestinal 
infections. 

Acids are most commonly used as preservatives. The most im- 
po^nt are the acetic (usually in the form of vinegar) and the lactic 
acids, the latter the preservative agent in sour milk, sauerkraut, and 
silage. Benzoic acid, salicylic acid, sulphurous acid, formic acid, 
pytoUgneous acid, carbonic acid, and dtric add have been used, 
some continue to be used as preservatives for fruits and meats. 
They are not acUve germicides but do prohibit the growth of micro- 
or2am«m.! •* 
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farrowing pens. It has been shown to be almost a specific viricide, 
especially for the virus of foot and mouth disease. McBryde, Niles, 
and Cole have also called attention to its use in destroying the virus 
of hog cholera. 

Unslaked lime (quick lime) added to water is converted into 
calcium hydroxide, and when used in strong solutions, as in white- 
wash, it has a marked disinfecting action. 

Various detergents, chief among which is trisodium phosphate, 
are used in the dairy industry in washing milk equipment, in the 
washing of dishes, and in washing bottles for beverages. While they 
are not as active as the hydroxides, such compounds are definitely 
germicidal when used in hot solutions. 

Salts of Heavy Metals. The salts of silver, mercury, arsenic, 
copper, and zinc are all used in a variety of combinitions as disin- 
fectants and antiseptics. 

Silver nitrate is one of the most conunonly used compounds 
containing silver. It is obiectionable, however, because of its cor- 
rosive and irritating action on tissue. Silver proteinates such as 
argyrol, silvol, and neosilvol are not as irritating to live tissue and 
are frequently used to disinfect surfaces of mucous membranes. 

'Phe mercury compounds are well known for their germicidal 
value. Mercuric chloride is the most widely used of these chemicals. 
The biniodide of mercury is also quite popular. Because of the toxic 
and corrosive action of simple mercury compounds, various complex 
mixtures have been prepared. Mercurochrome has had periods of 
popularity. Metaphen and Merthiolate are two comparatively new 
mercury compounds which appear to be satisfactory germicides. 

Arsenic compounds are not used to a great extent as germicides 
because they are toxic to human and animal life; however, the value 
of the complex salts of arsenic in the treatment of spirochetal infec- 
tions is well known. 

'Phe salts of copper cannot be depended upon for their germi- 
cidal action. As an algacide, however, copper sulphate has no equal 
and is used extensively in the control of algae in water supplies. 

Zinc salts are practically devoid of germicidal activity, but zinc 
oxide is widely used in the treatment of many conditions where 
infection may exist. The beneficial results are due to an astringent 
action which promotes healing. 

Phenols and Related Compounds. Phenol, or carbolic acid 
CcHsOH, either pure or in mixtures with alcohol, glycerin, or var- 
ious oils, ranks among the most efficient of the disinfectants. Weak 
dilutions, 0.5 per cent, are used in the preservation of antigens, 
viruses, and antisera used in immunizing procedures. The methyl 
phenols or cresols, CcH^CHaOH, either pure or in trade mixtures — 
tricresol, creol'm and liquor cresolis — are also effective germicides. 
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They are most frequently used in 1 to 5 per cent solutions and will 
destroy bacteria even m the presence of quantities of organic 
matter For this reason they are imiversally used for the disinfec- 
tion of bams, pens, railway cars, trucks, and many other places 
where infected ammals have been kept 

Orthophenylphenol is an odorless dismfectant which has rather 
wide use as a bam disinfectant It is effective against Mycohacter- 
tum tuberculosis, hence is useful as a dismfectant for bams after 
tuberculm reactors have been removed This dismfectant is much 
more satisfactory for dairy bam use because it does not impart odors 
to milk as is the case when the phenolic compounds are used. 

The Halogens The halogens and the variety of compounds 
which are prepared by mixing them with other chemicals have the 
distinction of being the most widely used of any of the disinfectants 
Halogens are not effective m the presence of orgamc matter, and 
for that reason their use is linuted 


Chlorine is used more than any other chemical of the group 
Chlorine gas, or the vanous mixtures, such as hypochlorite pre- 
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blood intended for laboratory examination Bromme is too reactive 
to be of any use as a disinfectant or antiseptic 

Miscellaneous Compounds. Alcohol, especially ethyl alcohol, is 
considered by many to be a most effective antiseptic, and is credited 
by some as a disinfectant The efficacy of this alcohol is dependent 
upon the concentration Investigation and experience have shown 
that 70 per cent alcohol is most efficient Concentrations above and 
below that concentration are ineffective Alcohols in general are 
more bactericidal in the higher molecular weight This fact is shown 
clearly by the Eb typhosa phenol coefficients of various alcohols 
tested by Tilley and Schaffer given in Table 5 2 

Isopropyl alcohol has been shown to be a more effective germi- 
cide than the more commonly used ethyl alcohol It is used m the 
98-99 per cent pure state and is noncorrosive to instruments The 
pungent odor of this alcohol is objectionable and for that reason 
it has not come mto wide use 

TABLE 52 

Phenol Coefficients of Vaiuous Alcohols • 

Primary Normal Alcohols 


Secondary Alcohols 

Propyl 
Butyl 
Amyl 
Hexyl 

Tertiary Alcohols 

Butyl 
Amyl 
Hexyl 

• Tilley and Schallcr, Jour Bact 12 303, 1326 

Chloroform is used as an attenuating agent for vaccines It may 
be added as a preservative to blood scrum which is to be used m the 
preparation of Locffler’s medium or to enrich other media, hkewise, 
ctlicr IS used for the above purposes 

Formaldehyde gamed great popularity as a disinfectant when it 
was popular to fumigate infected dwellings Its value as a dismfcct- 
ant m that procedure was due to its solubility in water, on account 
of till', characteristic it Is usually sold commercially as Formalin, an 
aqueous alcoholic solution contammg approximately -10 per cent 


Methyl 

Ethyl 

Propyl 

Butyl 

Amyl 

Hexyl 

Heptyl 

Octyl 


Phenol 
Coefficients 
0026 
0 040 
0:i02 
0 237 
078 
230 
6 80 
2L00 


0 064 
0152 
0^8 
too 


0 081 
0182 
0 45 
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formaldehyde. Formalin is an effective germicide and is used not 
only in the killing of animal and human patliogcnic bacteria, but also 
for treating seeds and potato tubers in order to kill fungi with which 
they may be contaminated. This chemical is used as an attenuating 
agent for bacteria, toxins, and viruses which are to be used as 
immunizing agents. Formaldehyde forms hcxamethylcnamine with 
ammonia, a compound which is used extensively as a urinary anti- 
septic. 


Potassium permanganate is used extensively in veterinary 
medicine as an antiseptic in drinking water for poultry for which it 
seems to have definite value. It is used as a wound dressing akso. 
The stains produced by Uie chemical have been factors preventing 
its general use as an antiseptic. Hydrogen peroxide is not employed 
extensively as a disinfectant due to the case with which it combines 
\vith organic matter; however, it docs have some virtue as a cleans- 
ing agent for deep wounds, but its effervescing action belies its real 
value and it should not be depended upon to any great extent. 
MeWbe peroxides, CoO:, MgO., ZnO-, NaO., are claimed to be less 
reacuve ftan HiO;. They are usually found in ointments and tooth 
pastes. Their antiseptic values are not great 
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use as skin disinfectants Some have been given internally to ex- 
perimental animals without showmg toxic effects Zephiran, an 
alkyl-dimethyl-benzyl-ammonium chloride similar to roccal, has 
been shown to be an active germicide In a dilution of 1 80,000 it 
may be used as a peiservative for biological products, such as anti- 
serums Triethanolamine lauryl sulfate, commonly known as Drene, 
IS an amomc compound effective against Gram-positive bacteria 
McCulloch demonstrated that this compound was effective against 
Str agalactiae and Erysipelothnx rhusiopathiae 

The quarternary ammonium salts, catiomc surface-active 
agents, are the most recent additions to the long list of germicidal 
agents Numerous compounds known by various trade names are 
widely used in disinfection As a group these agents are satisfactory 
against nonsporeformmg bacteria They have the distinct value 
of being active m the presence of organic matter Acetyl-beta- 
methylcholine chloride (mecholyl), a compound belonging to this 
group, ionizes to a high degree m solution and resembles the alkali 
metals m stabiUty 
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Antibiotic Agents 


The discovery of penicillm will be recorded as one of the most 
significant contributions to medicine This discovery is of signifi- 
cance to the entire field of bacteriology as well as to medicme It 
has increased the scope of bacteriology, opening a broad new ave- 
nue for scientific endeavor In principle, the antibiotic or antago- 
nistic association of bacteria, yeasts, and molds is not new It has 
been an interesting phase in the study of bacteria since the early 
contributions of Pasteur Generally, the association of microscopic 
forms with each other has been lost from view because of the stress 
placed upon the study of pure cultures For that reason every 
bacteriologist has disregarded contaminants on a Petri plate culture 
which show inhibition of the organism under study Plates of miB’c, 
water, and soil samples have shown the presence of colomes which 
inhibit the growth of neighboring colonies Beneficial associations 
also have been observed It must be remembered that bacteria in 
nature do not live in pure cultures and many have a beneficial asso- 
ciation with each other The symbiotic relationship of many of the 
types of soil bacteria are well known Many infections m animals 
and man are caused by more than one bacterial species Although 
the primary and greatest damage to tissue may be due to only one 
species, there are numerous instances where two or more different 
species of bacteria share the responsibility In mfluenza of swine the 
prunary mfcctmg agent is a filtrable virus, however, the disease is 
characterized by the symptoms produced by the associating infec- 
tion caused by a small bacterium, Hemophilus suis In some cases 
the prunary infection is followed by a secondary one, frequently of 
a different type, in fact, the previous infection may predispose to 
the subsequent one 

When bacteria arc cultured artificially, numerous examples of 
beneficial relationships are encountered in mixed cultures If an 
aerobic organism is grown m a medium with an anaerobic one, the 
former will benefit the latter ITie hydrolysis of proteins may be 

Cw?l 
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carried to the ammo acid stage by the action of certain bacteria, 
thereby makmg those essential food elements available to other 
species of bacteria unable to utilize the complete protein molecule 
Some microorganisms, particularly yeasts, arc able to synthesize 
different compounds of the Vitamin B group These substances are 
definitely known to serve as accessory growth factors for most 
bactena 

Numerous well known examples of antagonistic or antibiotic 
action may be ated It is evident that a strict aerobic organism can- 
not hve m the presence of an anaerobe The pH of the medium 
produced by the acid-producmg orgamsm becomes too high for 
many types of bacteria to continue growth Likewise marked al- 
kalimty of a medium due to the hydrolysis of proteins inhibits the 
growth of still other types These are examples of antagonisms 
commonly used to explain inhibition of growth It is understandable, 
then, that the advent of specific antibiotic agents has increased tre- 
mendously the significance of antagonistic association 

Historical Development Although the field of antibiotic dis- 
covery was stimulated by the discovery and use of penicillin, this 
substance was not the firet one to be recognized In 1877 Pasteur 
observed that the growth of the anthrax bacillus was inhibited by 
air borne contaminants Bouchard noted in 1888 that Pseudomonas 
aeruginosa was antagonistic to Bactllus anthraexs and at one tune 
mtrates of that organism were advocated m the treatment of an- 
tox The early work of Bouchard was substantiated by other 
hibiin^^ r ^ owed that the products of Ps aerugmosa were in- 

furthermore, Em- 

a proteolvtic omvm v, substance was thought to be 

brWd recently Shoental 

=* substances tn chloroform Llracts of 
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a material which dissolved bacteria. He called it lysozyme. Al- 
though this material attracted considerable attention at the time, it 
did not gain chemotherapeutic popularity; nevertheless this dis- 
covery did bear fruit, for it enabled Fleming to recognize the antibio- 
tic effect of a contaminating mold in a culture of staphylococci in 
1929. Fleming recorded this observation as follows: ^ 

While working with staphylococcus variants a number of culture-plates 
were set aside on the laboratory bench and exammed from time to time. 

In the examinations these plates were necessarily exposed to the air 
and they became contammated with various micro-organisms. It was 
noticed that aroimd a large colony of a contaminating mould the staphy- 
lococcus colonies became transparent and were obviously undergoing 
lysis. Subcultures of diis moidd were made and experiments conducted 
with a view to ascertaining something of the properties of the bacterio- 
lytic substance which hnd evidently been formed in the mould culture 
and which had diffused into the surrounding medium. It was found that 
the broth in which the mould had been grown at room temperature for 
one or two weeks had acquired marked inhibiting, bactericidal and bac- 
teriolytic properties to many of ^e more common pathogenic bacteria. 

Nutrient broth in which the mold was grown contained the in- 
hibiting agent which Fleming called “penicillin" because the mold 
was a species of Penicillium. He suggested at the time that this 
agent had chemotherapeutic potentialities but, like so many dis- 
coveries of this type, the time was not right for acceptance. Fleming 
did find use for the agent in the isolation of influenza bacilli from 
cocci, for the former organisms were not sensitive to penicillin 
whereas the latter were inhibited. 

The application of antibiotic agents in the treatment of disease 
was really crystallized by the discovery of gramicidin by Dubos in 
1939. This substance, produced by the sporeforming organism 
Bacillus brevis, was found to inhibit the growth of streptococci and 
pneumococci. 

Penicillin was not to be forgotten. Bacteriologists and chemists, 
particularly Florey and Chain at Oxford University, England, had 
continued research on this important antibiotic and in 1940 had 
purified enough penicillin to prove that it was highly effective 
against infections caused by streptococci, staphylococci, and gas- 
gangrene bacilli. By 1943 the value of penicillin was proven beyond 
any doubt and, due to the insistency by the army that it be made 
available for use, the therapeutical manufacturing industry in the 
United States centered upon the manufacture of it. 

Penicillin has one shortcoming. It is not particularly active 
against the Gram-negative rods. In 1942 Waksman and Woodruff 
described an antibiotic agent strcptot/iricm, which was produced by 
a soil organism Actinomyces laucnduloe. This agent inhibited the 
growth of Gram-negative bacteria. In 1944 Schatz, Bugie, and Waks- 



132 Velennary Bocteriology and VuoJogy 

man discovered that AcUnomyces gnscus produced an antibiotic 
agent which was more active against Gram-ncgalivc organisms than 
was streptothnem This new substance was named streptomycin 

During the 1940 decade practically every microbiologist kept 
his eyes open for organisms with antibiotic properties Bacteria as 
well as molds were studied In 1945 Johnson, Anker, and Mclency 
isolated an organism Bacillus lichcnt/onms, a species closely related 
to Bacillus subtilis, which produced an antibiotic agent which they 
called bacitracin 

Durmg the process of examining sods from various parts of 
the world for fungi which have antibiotic properties, Burkholder 
isolated an actmomyccte, which he called Strcpiomyccs vcnczuclac, 
from sod from Venezuela It has been revealed that this organism 
IS present m American sods also The antibiotic agent produced by 
this organism was first reported m 1947 by Ehrlich, Bartz, Smith, 
Joslyn, and Burkholder It was originally called chloromycctin but 
is now known as chlorampJtcntcol Chemical studies of this antibiotic 
have shown that it is a derivative of dichloroacctic acid and has the 
foUowmg chemical structure 
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NH-COCHO, 
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inhibited in growth, or that the antibiotic may enter into the metab- 
olism of cells as an additional nutrient subtsance, or that it pro- 
duces an increased activity of enzymes essential for cell metabolism. 

In 1950 Finlay and associates of the Charles Pfizer Company 
announced the discovery of an agent they called Terramycin. This 
name is now used as a trade-mark name for the antibiotic by the 
Pfizer Company but the scientific name is oxytetracycline. The 
antibiotic is produced by the soil actinomycete, Streptomyces 
rimosus. It, also, has a wide spectrum of activity and it too has been 
shown to promote more rapid growth in young animals. 

The close similarity of chlortetracycline and oxytetracycline led 
to the detailed chemical study of both compounds. In 1952, Stephens 
and associates announced the discovery of tetracycline, an anti- 
biotic agent common to, but different than, the two parent sub- 
stances. This agent is produced by both Streptomyces aureofaciens 
and Streptomyces rimosus. In addition to the production of this 
antibiotic by fermentation it can be produced by the catalytic hydro- 
genation of chlortetracycline. This latter discovery has opened the 
door to the probable development of various agents with slightly 
different chemical structures and with very specific activities against 
specific organisms. 

The similarity of the three tetracyclines is shown by the struc- 
tural formula of each, given on the following page. It is apparent 
that tetracycline differs from oxytetracycline by an OH group at 
carbon 5 and from chlortetracycline by a chlorine atom at carbon 7. 

The above historical sketch mentions only those antibiotics 
which are of practical importance as pharmaceutical agents. The 
search for microorganisms which produce antibiotic substances con- 
tinues. Literally hundreds have been discovered, in fact, many are 
known which have not been thoroughly tested. There is a natural 
tendency to conclude that the antibiotic agents produced com- 
mercially today are the superior ones. While this may be true at 
present, one should always expect to leam of new superior agents 
which will be produced from time to lime. 

So the secirch for antibiotic agents active against specific types 
of bacteria, and especially for filtrablc viruses, still goes on. 

In Uiis search it is well to keep the desirable properties of an 
antibiotic for medical use constantly in mind. Florey, who con- 
tributed so greatly to the early clinical application of penicillin, 
lists these desirable properties as follows: 

1. It must have a powerful action against some bacteria. It is 
Improbable that any of the weaker antibiotics, of which there are 
many, will find a place as chemotherapeutic agents. 

2. It must have specificity of action. From a study of bacteria 
affected has emerged the fact tliat the antibiotics possess in many 
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4. A substance must be active in the presence of body fluids 
such as serum, pus, and cerebrospinal fluid; substances very active 
in the test tube may be completely inactive in the body because 
of the inhibitory effect of body fluids. 

5. The chemotherapeutic agent must not be destroyed by 
tissue enzymes. An indication of likely behavior in this respect is 
obtained by the reaction to trypsin. It is improbable that any sub- 
stance which is destroyed by tissue enzymes or by trypsin will 
survive for long after injection into the blood stream; it will prob- 
ably be destroyed rapidly and with it any possibility of its exerting 
antibacterial action. Though it is not essential, it is highly desirable 
that the drug should be absorbed from the gastrointestinal tract, so 
that it can be taken by mouth. 

6. It should be stable. Penicillin has caused a great deal of 
trouble through its instability. Many of the difficulties in the early 
days of penicillin would have been avoided but for its particular 
liability to destruction. 

7. It IS also desirable that it should not be too rapidly excreted 
by the kidneys. Penicillin has this great disadvantage; because it 
is excreted by the tubules it leaves the body with great rapidity. 

8. Another property which we have come to recognize as being 
serious is the capacity to produce in infecting bacteria a resistance 
to the chemotherapeutic drug itself. This was first noted with the 
sulfonamide compounds, for bacteria can become resistant to the 
sulfonamide drugs both in vitro and in vivo. It was also shown 
that bacteria became resistant to penicillin in vitro, and this is 
especially true of the staphylococci. Fortunately it appears to be 
much more difficult to acquire resistance to penicillin in vivo than 
in vitro, but the induction of resistance, even in vivo, is a marked 
property of streptomycin and no doubt will seriously interfere 
with its therapeutic use. It would appear that bacteria can rapidly 
acquire resistance to many other of the antibiotics of which we know. 

Complete books have been written about the antibiotics, so 
the student is referred to the list at the end of the chapter for 
more extensive study. All of the significant antibiotics in veterin- 
ary medicine will be listed and discussed below very briefly. 

Antibiotic Agents From Bacteria. Previous mention has been 
made of the antibiotic action of the substances pyocyanase, pyo- 
cyanin, and hemipyocyanin produced by Pseudomonas aeruginosa. 
Likewise, gramicidin produced by B. brevis has been noted; in 
addition to this agent, inhibitory substances are known to be pro- 
duced by other bacteria. 

Bacillus subtilis (Jansen and Hirschman 1944) has been 
found to produce an agent called subtiliu, which is inhibitory to 
Gram-positive bacteria. 
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Bacitracin (Johnson Anker, and Meleney, 1945) is another 
agent produced by Bacillus licheni/ormts a species closely related to 
B subtvlts This antibiotic received its name because the culture 
was isolated from the dirt debnded from the fractured leg of a child 
named Tracy Bacitracm is produced commercially and has been 
found to be effective against the Gram positive cocci and not affected 
by bacteria which do produce pemciUinase It has value m the 
topical treatment of cellulitis, wounds, ulcers, and superficial ab- 
scesses Imtial mvestigations demonstrated that the nephrotoxic 
property of the drug decreased its usefulness, however, that unde- 
sirable characteristic can be overcome by regulated dosage Baci- 
tracm may be given by the oral route, and is retamed m the 
mtestme and not readily absorbed It is lethal to Entamoeba histo- 
lytica, one of the first of the antibiotic agents shown to affect proto- 
zoa It has been used m the treatment of bovine mastitis with some 
success Further investigation will reveal the value of this agent 
m the treatment of the various animal diseases 

In 1946 Foster and Woodruff recovered an agent they called 
bactlltn from a culture of B subttlts This material was a water- 
soluble, thermostable substance but was somewhat toxic Johnson 
and Burdon (1946) reported the extraction from cultures of B 
subtilw a hemolytic agent called eutnyctn which was too toxic for 
mtemal use 


The polymyxins (Stansly, Shepherd, and White, 1947) are 
related antibiotics which are derived from Bacillus polymyxa, a 
sporefor^g org^m isolated from the soil These substances are 
simple, basic polypepUdes which form water-soluble salts with 
^ ive distinct antibiotic agents, designated polymyxin 
laUu ’ > ^ been isolated The polymyxins are particu- 

Pr^u, Gram-pos.l.ve apec.es One Gram negative genus, 

most ot theX «.ub.ot.L but 

Senear 

SalmoneUa. ShigeUa and V.bnn Pasteurella, Pseudomonas, 
genera an rTsttSJ 3 ^= the above 

ment of resistance by sensiU^ta^* ^evelop- 

The use of polymyxm has be observed 

has been found that polymyxm B a because of toxicity It 

consequently it is nrorl j nephrotoxic than the others, 

especllvXe lbeme aT Thu, antibiotic has 

particularly Pseudomonas several species of bacteria, 

other anUbioC viz to many 

Ihe topical and oral types are available, 

types bemg Ok desirable, masmuch as no 
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toxic effects have been noted following those methods of adminis- 
tration. 

Bacteriolytic and bacteriacidal properties have been observed 
in filtrates of Bacillus mesentericus. Another one of the spore- 
forming aerobic species, Bacillus mycoideSj produces a thermo- 
stable substance which inhibits the growth of many different 
species of bacteria, includmg Myco. tuberculosis. 

Among the nonspore-producing bacteria, Pseudo77i07ias jluores- 
cens has been shown to produce a thermostable filtrable agent 
which is antagonistic to Bacillus anthracis and Coryiiehacterium 
diphthe7*iae. In the red pigment produced by Serratia marcescens an 
alcohol-soluble substance has been shown to inhibit the growth of 
various Gram-positive bacteria. Other species of bacteria have been 
shown to be antagonistic to different pathogenic species grown in 
contact with them. 

Up to the present time the antibiotic agent produced by bacteria 
gaining most prominence as a chemotherapeutic substance has been 
tyrothricin. IVrothricin is a polypeptide, insoluble in water but 
soluble in alcohol. When treated with acetone-ether, tyrothricin 
yields two substances: soluble fraction gramicidin and the insoluble 
substance tyrocidine hydrochloride, commonly referred to as tyro- 
cidiue. Tyrothricine is active mainly against Gram-positive bacteria 
and because of its hemolytic property is limited to topical applica- 
tions. It has been used in the treatment of bovine mastitis, being 
administered by infusion into the mammary gland through the teat 
canal. Although minor inflammation is produced in the mucosa 
by this treatment, the agent has been proven effective in treating 
streptococcal mastitis. Gramicidin is active against Gram-positive 
bacteria, particularly the streptococci. It, too, is toxic, which limits 
its use in the treatment of generalized infections, l^rocidine is 
active against both Gram-positive and Gram-negative bacteria and 
no doubt would have gained greater popularity as a therapeutic 
agent had it not been for the discovery of more effective agents. 

Other antibiotic agents produced by bacteria are; diplococcin 
from streptococci (Whitehead, 1933) ; iodinin from C/iroinobacter- 
ium iodinum (Mcllwain, 1943); phthiocol from Mycobacterium 
tuberculosis (Lichstein and Van de Sand, 1946); prodigiosiii from 
Serratia marcescens (Wrede and Rothhaus, 1945) ; simplexin from 
Bacillus simplex (Cordon and Haenseler, 1939) . 

Antibiotic Agents From Actinomyces. From the research of 
Waksman and co-workers a number of different species of actinomy- 
ces have been foimd to produce antibiotic substances. The first or- 
ganism in this group was Actinomyces antibioticus, which produced 
inhibiting agents designated as actinomycin A and actinomycin B. 
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The first of these agents has been studied m greater detail than the 
second It is soluble in alcohol and ether but not m water A large 
group of different bacteria are sensitive to it but it has not been use- 
ful as a therapeutic agent because of its marked toxicity for animal 
tissue 

Streptothryan is produced by Actinomyces latcnduloe This 
material is a thermostable organic base It is soluble m w atcr and in 
acid alcohol, but not in ether The growth of various Gram negative 
bacteria is inhibited by it and it has specific action against a few of 
the Gram positive forms It is not toxic to animal tissues 

The antibiotic agent which parallels penicillin as an effective 
chemotherapeutic agent is streptomycin It has been previously 
noted that this agent was found to be produced by Actinomyces 
ynseus by Schatz, Bugie, and Waksman in 1944 Smee then this 
agent has been subjected to considerable mvcstigation and is now 
bemg prepared m large quantities 


Streptomycin is produced by growing the culture of A gnscus 
m a meat extract medium to which glucose is added After five to 
twelve days incubation the medium is filtered and the acUve agent 
a extracted with acid and further purified by alcohol extraction 
It IS an organic base soluble m dilute acids and ui ivater, but insolu- 
does^of^ZT, “ •>i'=n"o^toble compound so 

m some Datient'^%^ ^ qinokly as pcmciUin Streptomycui produces 
agent on’Z deafness, duo to the acUon of the 

Sed aL “Pl^otoxic effects have been 

dihBdrostrcptomycm streptomjem creatmg 

a sta“:rcfmlLfbe"°T -t ■= -ident that 

quantity of dry material “''■gmally defined as that 

coll m 1 ml of nutrient ^00x^0,^“^ ® 

microgram Consequentlv when ^ fomid to approximate one 
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grams ““y- “■‘'S' are expressed m micrograms or 
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te ohtamed ““aunt per cubic centimeter may 
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in. addition to such Gram-negative bacteria as Brucella abortus, Pro- 
teus vulgaris, Pseudomonas aeniginosa, and Salmonella schottmul- 
leri. This discovery is acknowledged to be the motivating force 
behind the rapid development of this agent. In 1944 Feldman and 
Hinshaw demonstrated that streptomycin suppressed the effect of 
experimentally induced tuberculosis in guinea pigs and now almost 
three-fourths of all streptomycin produced is used in the treatment 
of tuberculosis. Stubbs has found streptomycin effective in pre- 
venting the death of guinea pigs used for experimental brucellosis. 
The sensitivity of the Pasteurella to streptomycin has been re- 
vealed by Heilman by in vitro studies with Pasteurella tularensis 
as well as with experimental tularemia in mice. Coles tested the 
sensitivity of a number of species of bacteria pathogenic for ani- 
mals, finding that the Gram-negative species were most sensitive 
while the Gram-positive cocci were least so. Pasteurella rnultocida 
and Brucelltt abortus are two important species which are quite 
sensitive to streptomycin. Hinshaw and McNeil demonstrated the 
value of this agent in the treatment of fowl cholera in turkeys. 

Mention has been made previously to chloramphenicol, chlor- 
tetracycline, oxytetracycline, and tetracycline, so they will not be 
discussed here, 

In addition to the above-mentioned antibiotics produced by 
actinomyces, two others deserve discussion. Neomycin is produced 
by Streptomyces fradtae, and was first reported by Waksman and 
Lechevalier in 1949. Upon more complete study this antibiotic has 
been shown to consist of at least three closely related chemical sub- 
stances, which are designated neomycin A, B, and C. This anti- 
biotic is active against a wide range of bacteria but unfortunately 
it contains a nephrotoxic substance which limits its use as a pharma- 
ceutical agent. 

Viomycin is produced by Streptomyces puniceus and was re- 
ported by Bartz and associates in 1950. However, research workers 
of Pfizer Laboratories had previously reported this antibiotic and 
they are given credit for its discovery. Likewise it became apparent 
that an antibiotic agent called Vinactin, which was reported by 
Mayer ct al. in 1951 was identical to viomycin. It is now recognized 
that vinactin is composed of three active substances A, B, and C. 
Viomycin is considered to be vinactin A, which is the trade-mark 
name used by Ciba Pharmaceutical Products, Inc. Viomycin is 
active against the Gram-negative ^pes of bacteria and has shown 
promise in the treatment of tuberculosis in man. 

In 1952 McGuire and associates reported an antibiotic agent, 
Erythromycin, produced by Streptomyces erythreus. This anti- 
biotic is active against the Gram-positive bacteria, being similar to 
Iienicillin in that respect. It has the added advantage of being ef- 
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fective against those strains of bactcna whicli have developed re- 
sistance to penicillin. While the trade mark name of Erythromycin 
IS used by Upjohn Company, the name Ilotycin is used by the Eh 
Lilly Company, and Erylhrocm by Abbott Laboratories. 

Carbomycin was first reported by Tanner ct al in 1952 It is 
produced by Streptomycea halslcdit The Chas Pfaer Company, 
manufacturers of this new drug, use the trade-mark name, Magna- 
mycin. Carbomycm is a mixture of two antibiotics designated A 
and B, and difiermg m that B is more readily absorbed from the 
mtestmal tract with resulting higher blood levels Both are active 
against the Gram positive types of bacteria. 

Antibiotic Agents From ^lolds. Pomcilhn is the best known 
agent produced by molds Probably no subject has accumulated 
such extensive hteralure m so short a period of time as has peni- 
cilhn In addition to the thousands of periodical articles, three 
^oks have been written on the subject, one by Waksman, one by 
Herrell, and one by Kolmer 

Numerous strains of PeniciIIum notatum have been found, many 

♦ 3 potent pcmciUm than the ongmal strain 

studied by Fleming 


used^f. peniciUm three general methods may be 
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prepared. Although this iL ^ synthetic compound may be 
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eroj^''„rse“II,a' 3 f^‘^^ determined by the inhibiUon of 
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been developed to demonstrate the inhibition which is expressed in 
units per cubic centimeter. The original unit of potency determined 
by the Oxford group was based upon the comparison of any sample 
of penicillin with a standard. This group devised the method known 
as the Oxford-cup method. This consists of inoculating an agar 


TABLE 6.1 


Structure of the Pencuxins (Characteristic “R”)* 


Designation 
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Name 1 
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G 

ri 

Phenylacetic 
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X 

in 

Ip-Hydroxy- 
1 phenylacetic 

HO.CJI, CHs.CO- 

|P. notatum 

K 

IV 

jCaprylic 

|cH., CO- 

P. notatum 


• Alter Kavanagh. 


plate with a standard strain of Micro, aureus. Upon the surface 
of the medium, small cylinders of a standard diameter (9 mm.) are 
placed. One cylinder is filled with a standard penicillin containing 
1 unit of penicilUn per cubic centimeter. The other dilutions of the 
unknown are placed in other cylinders. After incubating the plate, 
the extent of the clear zones around the cylinders are determined 
and compared with that of the standard. A unit of penicillin is that 
amount which, when dissolved in 1 ml. of water, gives the same 
area of inhlhition as the standard. In order to have a more exact 
method of measurement an fntemational Unit for penicillin has 
been established. It is 0-6 microgram of the sodium, salt of penicillin 
G, which is approximately equivalent to the Oxford unit. 

It has been previously noted that penicillin is more active 
against Gram-positive than against Gram-negative bacteria. Many 
of the Gram-positive forms are more susceptible to penicillin than 
others. Occasionally a strain of a sensitive organism such as 
Micro, aureus is found which is very resistant to the drug. This 
appears to be an inherent characteristic of the organism in many 
mstances; however, it h^ been shown that sensitive organisms may 
develop drug fastness upon prolonged contact with penicillin. The 
mechanism by which such strains become resistant is not clear. It 
was discovered in the early period of research on this agent that 
the Gram-negative bacteria were resistant because of their ability 
to s^rete an enzyme, called penicilHnase, which was able to destroy 
penicillin. Naturally resistant strains of staphylococci have been 
shown to produce a penicillinasc-'Ukc substance. 
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Although Uto sens.uv.ty to pcntcUm oi the ' 
produemg mfeetton m omnuls hos not been accuroldy 
L foUowmg hst may bo cons.dcred .ndteauvo ^ 

sens.t.v.ty of the important species as tested ° 

are placed into three groups highly susceptible those ^ 

0 01 to 0 06 unit per ml, moderately susceptible, those 
by 0 06 to 1 umt per mb, those resistant, grown m the presen 
over 1 umt per ml of medium 


Highly SensUtte 


Clostridium septicum 
Clostridium novyu 
Clostridium sordellii 
Clostnduitn tetani, 

Clostridium, perfringens 
Corynebactenum pyogenes 
Micrococcus aureus 

Moderately 

AcUnobaciUus bgmerest 
Actinomyces bovis 
Bacillus anthracis 
Coryncbactcnuzn xenaiis 
Clostridium cbauvoci 
Erysipelothnx rhusiopathiae 

Aerobacter aerogenes 
Brucella abortus 
Brucella bronchisepUcum 
Brucella mebtensis 

Coccidioides unnutis 
Corynebactenum equi 
Eschenchia cob 
Hemophilus influenzae 
Klebsiella species 


Streptococcus agalactiae 
Streptococcus cams 
Streptococcus dvsgalacliac 
Streptococcus ci^ul 
Streptococcus pjogenes 
Streptococcus ubens 
Streptococcus zooepidenucus 

Susceptible 

Leptospira jctcrohcmorrhagiae 
Leptospira camcola 
Listcna monocytogenes 
Pastcuxclla multocida 
Ornithosis virus 
Psittacosis virus 


Mallcomyccs mallei 
Mycobacterium tuberculosis 
Proteus ammoniac 
Pseudomonas aerugmosa 
Salmonella species 
Shigella species 
Vibrio species 
Fowl pox virus 
Influenza virus 
Vaccinia virus 


Resistant 


The nuschamsm by which pemcilbn inhibits the growth of bac- 
teria has not been elueidaled. It is generally conceded that the ac- 
tion IS bactenostatic, but numerous mvestigatois have shown that 
under certain conditions pemcdlui m bactenocidal The acUon of 
as m the case of a chemical dismfec- 
feL ^ postulated that this agent intcr- 
with cell metahoUsm durmg the acUve growth phase of bac- 
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teria, probably by “neutralizing” the action of essential enzyme 
systems. The amount of penicillin in a medium is not decreased by 
its action on living bacteria; therefore, it does not enter into chemi- 
cal reactions whereby its chemical nature may be altered. 

A number of other antibiotic agents may be isolated from the 
medium in which various species of molds have been grown. 

AspergilUc acid (White and Hill, 1943), is produced by 
Aspergillus flauus. 

Penicillic acid (Alsberg and Black, 1913) , is formed by Peni- 
cillutm puberulum. This species of mold also produces puberwlic 
acid. (Birkinshaw and Raistrick, 1932). 

Clavacin is an agent produced by Aspergillus clavatus (Waks- 
man, Horning, and Spencer, 1942). 

Fumigacin produced by Aspergillus fumigatus was discovered 
by Waksman, Horning, and Spencer, 1942. This species of mold 
also produces jumigatin (Anslow and Raistrick, 1938), helvolic 
acid (Chain, Florey, et al., 1943) and Aspergtiliu (Soltys, 1944) . 

Citnnui IS produced by Penictlliuni citrinutn (Hetherington 
and Raistrick, 1931) . 

Spiuulosm has been isolated from cultures of Penicillium 
spinulosum (Oxford and Raistrick, 1942) . 

Gliotoxin (Weindling and Emerson, 1936) is produced by 
Aspergillus gliocladtum. 

Claviformin (Chain, Florey, and Jennings, 1942) is produced 
by Penicillium clauiforme. 

Flavacidin was found to be formed by Aspergillus jlavus by 
McKee et al., 1943. 

Flavaciii, another distinct antibiotic, was isolated from the 
same mold by Bush and Goth, 1943. 

Gigantic acid (Wilkins and Harris, 1942) is produced by 
Aspergillus giganteus. 

Glutinosin is produced by Metarrhizium glutinosum (Brian 
and McGowan, 1946) . 

Jauanicin (Arstein, Cook, and Lacey, 1946) is produced by 
Fusarium javanicuvi. 

Notatin (Penicillin B) (Coulthard et ah, 1942) and Penatin 
(Kocholaty, 1942) are produced by Penicillium notatum. 

Viridin (Brian and McGowan, 1945) is produced by the fungus 
Tricltodemia uiride. 

Antibiotics Produced by IVlisccUaneous Plants. The production 
of the antibiotic agents is not limited to bacteria actinomyces and 
molds. Numerous higher plants have been shown to yield these 
agents. 

Clitocybiae was recovered from the mushroom by Hollandc in 
1945. 
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Ramahna cryslols ironr the Irchon Komoltiro ret.coIoW wore 
shown to have antihiotic action by Marshak in 1017. 

Alton (Cavalhto and Bailey, 1944) was recoverd 
Conatialm from the jack bean was repotted , 5 

Onion phijtoncide has been shown to have antibiotic prop 

by Tonkin m 1944 and Kohman in 1947 

Tomotin (Irvmg, Fontaine, and Doolittle, 1945) has be 
lated from the green leaves of tomato plants 
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PART II 

Infection, Resistance, and Immunity 



The Mechanism of Infection 


Disease is any departure from a state of health Health is a 
normal functioning of all body activity Immediately one recognizes 
that a normal state of health is difficult to determine To all outward 
appearances an animal may be healthy, yet may be diseased, con- 
sequently, in the detection of disease one must utilize certain diag- 
nostic methods, such as chemical and biological tests Inability to 
determme what is a normal animal, or the normal state of health, 
has had a profound bearing upon the explanation of the devious 
effects of disease on animals of the same species 

Diseases are generally recognized by a definite chain of 
symptoms, and when they are sufficiently severe they represent 
an alteration of body fluids and cells The agents of disease produce 
different effects, consequently, the various diseases are recognized 
by the differences in symptoms and the differences in the changes 
produced in body fluids and cells 

Diseases are divided mto two general types, infectious and non- 
infectious An infectious disease is one which is caused by a micro- 
organism The mere presence of microorganisms in the body, 
however, does not constitute infection General infection is not re- 
garded as occurring unless the organisms multiply m the body and 
produce symptoms of disease and pathological changes m tissues 
A noninfectious disease is one which is caused by injury, vegetable 
or mmeral poison, heat or cold, faulty nutrition, abnormal physiol- 
ogy, or abnormal tissue growth A contagious disease is one which is 
caused by an organism that is readily transferred from one individ- 
ual to another by direct or indirect contact The terms infectious 
and contagious are sometimes used interchangeably It is best, 
however, to limit the terms Infectious defines the cause of a disease, 
ond contagious defines the case and method of transmission Con- 
tagious diseases are all infectious, but all infectious diseases are not 
contagious, for example, tetanus and botulism m man and animals 
cannot be regarded as contagious because they result from contact 
with infected soil and foods which never may have been in contact 
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with infected animals Every gradation between highly contagious 
and noncontagious disease is known, hence, it is customary to m- 
dicate the degree of contagiousness by the use of modifiers, such as, 
highly contagious and slightly contagious There has been a decided 
tendency during recent years to refer to the infectious diseases 
as commumcable diseases and to eliminate using “contagious ” 
Among the infectious, or communicable, diseases of animals 
are the following abscesses and similar pyogenic infections, 
strangles, pneumonia, menmgitis. Brucellosis, tuberculosis, para- 
tuberculosis, pseudotuberculosis, swme erysipelas, glanders, dysen- 
tery, hemorrhagic septicemia, swme plague, fowl cholera, anthrax, 
blackleg, mahgnant edema, actmomycosis, aspergillosis, rmg^vorm, 
pleuropneumonia, foot and*mouth disease, rmderpest, hog cholera 
equme encephalomyelitis, fowl plague, rabies and the poxes, such, 
as fowl pox 

Examples of nomnfectious, or noncommumcable, diseases are 
diabetes, azoturia, vitamm deficiency diseases such as rickets, 
mineral deficiencies, sweet clover disease, and plant poisomng 
Kinds of Bacteria in Relationship to Disease Reference has 
been made previously to the relationship of bacteria to their food 
supp y t is desurable at this pomt to discuss them m relationship 
0 eir a i ty to produce disease as a result of their presence on 
Bacteria may be classified as saprophytic and 
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disease are those contributed by the infecting agent and those 
possessed by the host The student can understand, therefore, the 
complexity of disease when he realizes the interrelationships of 
numerous species of bacteiia, numerous types of body tissues and 
fluids, and numerous species of animals 

Virulence. The characteristics which make one organism a 
harmless saprophyte and another a deadly pathogen are not thor- 
oughly understood Infectious disease is, no doubt, primarily a 
result of the action of certain chemical components of the organ- 
ism along with the reaction to this chemical on the part of the 
tissues of the host Whether disease is a result, therefore, of the 
potency of the organism or the weakness of the host is difficult to 
determme There is a tendency to refer to the causal microorganism 
as the inciter of disease and to the host merely as a susceptible 
recipient Bacteria vary in their ability to cause disease This 
abihty is usually summed up m the use of the terms virulence or 
pathogenicity, hence an organism is referred to as avirulent, shghtly 
virulent, very virulent, or extremely virulent The use of such 
modifying terms for various species of bacteria is based upon fac- 
tors emphasized m the following discussion 

Some species of bacteria are able to produce toxins which are 
more lethal than those of other bacteria This is true also m some 
strams of the same species A good example of a toxm-producmg 
organism is the bacillus responsible for tetanus in man and animals 
This organism may be classified as a saprophyte but the effects of 
its deadly toxin make it apparent that it should be called a patho- 
gen Washed spores of this organism may be given orally to anim2ils 
without producing injury, m fact, they may be introduced into 
healthy tissue without causmg symptoms of the disease However, 
if such spores are mtroduced into tissues along with necrotic tissue 
or with chemicals which may kill tissue cells, they germmate and 
produce a toxm which is disseminated throughout the body caus- 
mg the muscle contraction characteristic of the disease If the or- 
ganism IS grown artificially, so that toxin is produced, mmute 
amounts of it, entirely free of the bacilli, will cause the same typi- 
cal symptoms An example of an entirely different type of organ- 
ism IS Bacillus anthracis, the cause of anthrax This is a sporeform- 
mg bacillus When washed spores are placed m healthy tissues, 
they germinate, the resuUmg organisms multiply rapidly and 
spread throughout the body of the animal quickly producmg death 
When this organism is grown m artificial media, the cell free filtrate 
will not produce symptoms of the disease These two examples rep- 
resent the two extremes of pathogenic activity, with many species 
of bacteria being both toxic and invasive 
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In addition to toxin, mentioned above, there are other sub- 
stances produced by bacteria which endow them with virulence 
Some of these substances are toxins while others are extracellular 
enzymes 

The production of hemolysin by bacteria has long been assoc- 
iated with virulence ^Vhlle this may be true of some species it is 
not true of others, because entirely nonpathogemc species produce 
hemolysm Recent studies on hemolysm (Bemheimer, 1947) indi- 
cate that this material is enzymatic The substrates m which these 
enzymes reside are not known Quite hkely the substrates act as 
antigens explammg why hemolysins have been classified as toxins 
A smgle bacterial species may produce more than one hemolysm 
The Group A hemolytic streptococci, for example, produce two 
hemolysins which differ m their chemical properties and the 
method by which they cause hemolysis of erythrocytes These 
hemolysins have been designated streptolysm O and streptolysm S 
Streptolysin O is a rather labile protein containing sulfur and is 
oxidized by atmospheric oxygen. It can be reactivated by such a 
reducmg agent as sodium hydrosulfate This type of hemolysm is 
produced by many different species of bacteria It is neutralized by 
specific immune serum and by cholesteroL The antisera from an 
animal immunized by one of the O hemolysins will neutralize the 
others, hence, it appears that they are not specific 

Steeptolysm S is a Upoprotem and is not neutralized by chol- 
esterol and IS not reversely oxidizable Antiserum for this hemoly- 
sin IS prepared with difficulty and it does not neutralize streptoly- 
sin O It is extractable from the streptococcal cells by means of 
serum — the S means serum extractable It is very unstable bemg 
preserve on y by lyophihzation This hemolysin produces degener- 
aUve eflects on heart muacle and other parenchymatous organs as 
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makes it evident that the substance leucocidm is a protective 
mechanism which enables bacteria to multiply more abundantly m 
infected tissue 

The description of “fibrinolysm” by Tillett and Garner in 1933 
contributed another substance by which certam of the streptococci 
and staphylococci may be enhanced m virulence This substance, 
now called streptokmase, causes the dissolution of fibrin clots m a 
few minutes It is known to be a kinase which activates a proteoly- 
tic enzyme normally present in plasma in an inactive form The 
absence of fibrin is one of the characteristics of certam acute types 
of streptococcal infections, so it is presumed that this is due to 
streptokmase This is supported by the fact that when the spe- 
cific antibody, antistreptokinase, appears in the blood stream, fibrm 
appears in the mfected tissues 

Pathogenic strains of Micrococcus aureus produce an enzyme- 
like substance, called coagulascy which is able to cause the coagu- 
lation of blood plasma from rabbits and human bemgs The role 
this substance plays m virulence is not known However, since most 
staphylococcic mfections are localized, it may be presumed that the 
formation of coagulated masses of plasma about colonies of the 
organism in tissue, prevents the penetration of leucocytes and lytic 
agents of the body defense mechamsm 

Clost ‘perfringens, as well as other members of the gangrene 
group of Clostridia, produces toxms which have a marked effect upon 
the blood-vascular system It has been shown that this toxin is a 
lecithinase which brings about the hydrolysis of lecithm when acted 
upon by calcium ions Lecithmase causes marked hemolysis and 
necrosis of other cells, so it is apparent that it has a direct influence 
on disease produced by these organisms 

Culture filtrates of Clost perfnngens also contain another pro- 
teolytic enzyme which has been called collagenase This substance 
causes the dismtegration of muscle tissue of laboratory animals by 
decomposing the reticular scaffolding It has 'been suggested by 
MacFarlane and MacLennon, 1945, that collagenase may be re- 
sponsible for the pulpy condition of muscle found in cases of gas 
gangrene Both lecithmase and collagenase are neutralized by the 
action of commercial antitoxin 

Hyaluronic acid is a viscous, polysaccharide acid of high mole- 
cular weight, present m the mtercellular ground substance of many 
liferent tissues Numerous bacteria produce the enzyme hyaluron- 
idasc which hydrolyzes hyaluromc acid Duran-Reynals, 1942, 
ound that the injection of this enzyme mto tissues mcreased per- 
^^d allowed the rapid spread of mjected solutions, India 
mk, and bacteria He referred to the substance as a spreading factor 
revxous to 1945 this mvestigator has observed the presence of this 
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material in aqueous extracts of rabbit, guinea pig, and rat testes It 
has smce been shoivn that numerous bacteria, staphylococci, stref>- 
tococci, pneumococci, corynebacteria, and clostridia produce 
hyaluronidase The mvasive qualities of these bacteria are en- 
hanced, no doubt, by this substance which enables the bacteria to 
penetrate through the barrier of endothelial and epithelial cells 
It must be kept m mmd, when considering the relationship of 
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The number of bacteria present in the initial invasion of a host 
undoubtedly is a factor in virulence. The apparent increase in the 
virulence of a microorganism causing an infection in a herd is par- 
tially due to the increase in the number of bacteria to which the 
susceptible animals have access. It is obvious that two infected 
animals would liberate more bacteria than one, four more than 
two, etc. 'rhe relationship of the number of bacteria to virulence is 
illustrated in Table 7.1, by Martos, which shows the effect of various 
numbers of anthrax bacilli on mice. 

The specificity of one species of bacteria for certain tissue has 
a marked bearing upon the determination of the virulence of that 
species; that is, the degree of virulence can be determined some- 
what by the type of tissue affected. It is obvious that a micro- 


TABLE 7.1 

Effect of Various Numbers of Anthrax Bacilli on Mice 


Number 
Mice 1 

Number ' 
Bacilli 

Number 

Died 
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Died 

Duration 
of Life 

10 1 

20 

10 
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2.6 da 

1 

10 

8 

73 

43 

20 
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13 ! 

C5 


20 ) 

2 

10 ' 

50 

5.2 

50 

1 

14 

28 

56 


organism which produces a rapid and fatal pneumonia is more 
virulent than one which attacks intestinal tissue. One organ, in this 
instance, is more vital than the other, and its destruction causes the 
death of the host more quickly. The extent to which bacteria are 
able to multiply in tissue, also has some bearing upon its virulence 
and is governed greatly by the response of the defense mechanism 
of the tissues of the host. Some types of bacteria have the ability 
to repel this defense and multiply rapidly; others are easily de- 
stroyed by it. 

Lastly, the host itself plays an important role in determinmg 
the virulence of a microorganism. Cuts, abrasions, and other effects 
of traumatism upon skin and mucous membranes may permit the 
entrance and establishment of bacteria which otherwise would not 
occur. The age of the host has an important bearing upon the 
establishment of bacteria and production of disease. As a rule 
young animals are more susceptible to infection than old ones. 
This is illustrated best by numerous <hseases to which adults arc 
resistant and children highly susceptible. Baby chicks are especially 
susceptible to Sahnonella pullorwn which produces a fatal septi- 
cemia and enteritis, while in the mature hen the organism localizes 
in, the ovary where it causes a chronic type of infection. The reverse 
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IS true m avian tuberculosis which is found most commonly m old 
birds Malnutrition has a bearmg upon the susceptibility of the host 
to infection Vitamm D deficiency produces an increased suscepti- 
bility of respiratory mucous membranes to infection Experiment- 
ally it has been possible to infect pigeons, which arc resistant other- 
wise, with anthrax subsequent to a period of starvation. Sudden and 
extreme exposure to cold has a bearing upon host resistance. In- 
fluenza appears in swme herds following sudden drops of tempera- 
ture and exposure to cold, sleet, and rain Hens which are naturally 
resistant to the anthrax bacillus may be infected with that organism 
when submerged m cold water which lowers their normal tempera- 
ture The reverse effect of cold is noted in cold-blooded animals* 
frogs die quickly with “red leg” when kept m warm water, but deaths 
cease when the water is decreased m temperature by a block of ice 
The effect of fatigue on susceptibility is illustrated by the classical 
experiment of placmg white rats, which are normally resistant to 
in}(!cting them with anthrax 
baciUi they have become (aUgued, they will succumb to the 
disease T^e genetic constitution of the host is a factor in resistance 
btrams of chickens which are resistant to Sol puilorum mfeotion 
have been produced by inbreedmg. hkewise, strains of mice which 
are resistant to mouse typhoid have been produced 
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the mosquito equine encephalomjcUUs by mosquitoes and probably 
other blood suckmg insects, and anthrax m animals by blood-suck- 
ing flies 

The house fly is of importance m the transfer of pathogenic 
bacteria This is especially true of typhoid fever because flies feed 
upon human feces whidi may contain typhoid bacteria and then 
feed upon or light upon dairy equipment, or directly upon food 
intended for human consumption 

Bacteria are transported from place to place by the dust of the 
air PuUorum disease among chicks is spread by the soft down 
from chicks and by dust in the brooder house Spores of bacteria 
and some of the more resistant actmomyccs are spread for consider- 
able distances by dust, this contaminates soil to which animals 
have access 


The living habits of animals make possible the spread of disease 
by the medium of the sod Such diseases are generally due to spore- 
formmg bacteria which enter the deeper tissues of the body 
through wounds Tetanus is an excellent example of this method 
of transmusion The foods of animals are easily contanunated by 
bacteria of all types— the mtesUnal bacteria, those that are sporo- 
formmg, and even those of the respiratory tract, m fact, most of 
the secretions and excretions of animals have ample opportunities 
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The lungs constitute the infection atrium in some types of 
pneumonia, probably in many cases of tuberculosis and aspergillosis. 
Many other infectious agents, especially the viruses, may enter into 
the general circulation through this channel. 

The genital tract is the common infection atrium in syphilis 
and gonorrhea of man. Brucella abortus infection in cows frequently 
involves the cotyledons arriving there via the blood stream. The 
entrance of this organism through the external genitalia rarely 
occurs. 

Cryptogenic infections are those in which it is impossible to 
determine the infection atrium. In some cases of tetanus, for 
example, careful search fails to reveal the channel through which 
the organism reaches the deeper tissues where toxin is liberated. 

The path by which the organism enters the body of the host 
usually determines the type of infection which results. As a general 
rule, microorganisms show a marked specificity, or affinity, for 
certain types of tissue; for example, the typhoid bacillus infects 
intestinal tissue and the pneumococcus infects pulmonary tissue. 
These organisms, therefore, cause the typical disease when they 
gain access directly to the susceptible tissue; neither is dangerous 
when entrance is made through scratches in the skin. The reverse 
is true of tetanus which most frequently results from the penetration 
of the skin by sharp objects which introduce the spores of the 
organism; however, the organism can be isolated from the intestines 
and feces of normal animals. A few species of bacteria produce 
disease when entering by any or all of the infection atria; for 
example, the tularemia organism causes infection when it enters 
scratches in the skin, wounds caused by insect bites, the conjunctiva 
of the eye, the lungs, on dust particles or hair, and when taken into 
the intestinal tract in infected food. Some bacteria produce no 
lesions at the site of entry but localize at distant points. Brucella 
abortus enters through the digestive tract but most frequently in- 
volves lymphoid, uterine, and mammary tissues. 

The Normal Protective Mechanism of the Animal Body. A dis- 
cussion of the relationship of microorganisms to disease would not 
be complete without a brief description of the normal mechanism 
by which all animals are protected against infection. That this 
mechanism is an efficient one is apparent when one considers all 
of the possibilities of infection which animals encounter in their 
daily life; in fact, it is only when this natural protection fails to 
function that infection results. The type of tissue, the nature of 
secretions and their drainage, awdi^, and alkalinity all function in 
normal protection against the infection. 

The Skin. The hair coat of mammals and the feathers of birds 
serve to protect the skin. The layer of epithelial cells of the normal 
skin constitutes an effective barrier against bacterial invasion. The 
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skin of animals is constantly covered with bacteria which are 
potentially disease producing when they invade the subcutaneous 
tissues Many bacteria do penetrate into the crypts of sweat glands 
and into hair follicles from which they enter into deeper tissues 
Even under such conditions they encounter an additional pro 
tective mechamsm, the tissue phagocytes 

The Mucous Membranes The epithehal covering of the mucqus 
membranes also constitutes an effective barrier against bacteria 
This tissue is constantly bathed in mucus which prevents bacteria 
from becoming established m crypts and folds The mucous mem 
branes of the eyes are continually washed by lacrimal secretion 
and those of the external gemtaha and the urmary tract are 
periodically flushed with urme which prevents the lodgement of 
bacteria 


The Lungs The mucous membranes the mucus, and the tor- 
tuous characteristic of the nasal cavity protect the upper air pas 
sages against infection and also prevent the passage of dust particles 
mto the lower part of the pulmonary system. The trachea is hned 
with mucous membrane and m the bronchi ciliated epithelium 
lends to sweep foreign particles outward, however when bacteria 
surmount these barriers and reach the bronchioles and alveoli, 
mfecuon results if they are m sufficient numbers to overcome the 
htraoral and ce lular defense of those tissues The act of coughing 
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stances, the ascent of bacteria into the ureters. The vital repro- 
ductive glands, testes and ovaries, are protected from external con- 
tamination by tortuous tubes which connect them with external 
parts. In the female the ciliated epithelium of the fallopian tubes 
serves as a noteworthy obstacle to bacteria. In the pregnant animal 
the cervix is sealed with a tenacious substance which is a most 
effective protection for the developing embryo. 

The Eyes and Ears. The eyelashes and eyelids protect the eyes 
against foreign objects which may be contaminated with bacteria. 
The voluntary response of lacrimal glands when foreign particles 
do reach the eye aids in diluting the invading substance, and if it is 
not too heavy or does not become lodged, it will wash it away. The 
delicate mechanism of hearing is protected by the shell of the ear, 
the ear hairs, and ear wax. The invasion of the ear by bacteria from 
the exterior is extremely rare. 

The Proof of the Relationship of a IVlicroorganism to a Disease— 
Koch’s Rules. In order to prove the relationship of an organism 
to a disease Koch proposed rules which must be fulfilled. The find- 
ing of an organism in diseased tissue is not enough proof that the 
organism is the cause. Koch found that: 

1. The organism must be found in each case of disease. 

2. The organism must be isolated and grown in pure culture. 

3. The organism must reproduce the disease in the susceptible 
animal or in suitable experimental animals. 

4. The organism must be isolated from the tissues of the ex- 
perimental animal in pure culture. 

These rules or postulates have been of great value in the study 
of infectious diseases since the time of Koch, and the observance 
of them has formed a firm basis for medical bacteriology. These 
rules have been fulfilled in practically all of the infectious diseases. 
In some cases it has been found difficult to satisfy each of the re- 
quirements, and exceptions based on the following reasons have 
been acknowledged: 

(a) Organisms which have grown on artificial media for some 
time may dissociate to such an extent that virulence is 
lost. They are no longer able to reproduce the disease. Some 
strains of bacteria may be isolated directly from the in- 
fected animal and not be able to reproduce the disease 
until they have been increased in virulence by serial 
passage through experimental animals. 

(h) One organism may be most effective in the presence of 
another one. This synergistic action has been proven in 
the relationship of the virus of swine influenza and the 
organism Hemophilus suis. 
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(c) In some cases the filtrable viruses cannot be grown on 
artificial media but when living tissues are used in which 
viruses will multiply even this rule can be fulfilled. 

The relationship of an organism to the disease also is obtained 
by the use of serological tests such as agglutmation precipitation 
and protem sensitization. 

Inoculation of Animals In addition to the provmg of the rela 
tionship of a microorganism to a disease animals are moculated for 
the followmg purposes 

L To maintain microorganisms that do not grow on artificial 
media. 

(a) Viruses 

(b) Rickettsia 

(c) Spirochetes 

2 To obtam a pure culture of an organism 

(a) ^Vhen mixed with other bacteria 

(b) When present m small numbers 

(c) When the organism grows poorly on artificial media 

3 To determme virulence or toxicity 

4 To produce vaccmes and aggressins for immunizing pur 
poses e g 

(a) Rabies vaccme 

(b) Canine distemper vaccine 

5 To produce antisera ivhich are used for therapeutic or 
diagnostic purposes 

6 To standardize toxins and antitoxins 

’’ ™ the virrfence of bacteria which have been groivn 

on artificial media for some time 

V numerous parenteral methods. 
bX tS^^eTh -n moculated mto 

which rXd mTh'°“‘® 'r‘’‘ The method 

of o~:X^ - governed by the 

and the purpose of the i° which is to be mjected 

may be used 'he followmg methods 

mntenal is placed upon or rubbed mto the 

' 'rXTXX -‘="=1 IS m, acted mto 
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4. Intramuscular. The inoculum is injected into the body of 
large muscles, such as those in the neck and the gluteal 
region. 

5. Intravenous. The material is injected directly into a vein. 
The vein which is chosen varies with the different animals. 
In the rabbit the posterior auricidar vein is used. In the 
horse, cow, and sheep the jugular vein is used. If rapid action 
is desired, this method is most frequently employed. 

6. Intracardial. In small animals, such as rabbit and guinea pig, 
the material is injected directly into the heart. 

7. Intrathoracic. Injections into the thorax are not made com- 
monly. 

8. IntTaperitoncal. In guinea pi^ this method is used for the 
injection of pathogenic bacteria in the process of diagnosis. 

9. Intraneural. This method is not used except in the study of 
certain neurotropic viruses. 

10. Intracranial. Injections are made directly into the cranium 
usually through a trephine opening or by means of a sharp, 
heavy needle at thin parts of the skull. The material is 
injected into the brain substance or subdurally. 

11. Intraocular. Substances which affect the eye are placed 
beneath the eyelids, injected into the cornea, or into the 
anterior chamber. 

12. Intraspinal. In some cases it is necessary to inject material 
directly into the spinal canal. 

13. Inhalation. Material in the form of vapor or dust is inhaled 
into the deeper air passages. 

14. Intrapulmonary. Substances are injected into the lungs. 

15. Intratracheal. Fluids are injected into the trachea. 

16. Oral. Material is fed or injected through a stomach tube. 

17. Rectal. Fluids are injected into the rectum by an enema. 

18. Intraniammary. Drugs are commonly injected into the 
mammary gland of the bovine for the treatment of mastitis. 


General Types of Infectious Diseases. After the animal body has 
been invaded, the type of organism, its specificity for tissue, the 
resistance of the individual, and the infection atrium will determine 
the localization or distribution of the organism and the type of 
disease produced. 

Most bacterial infecUons are due to one species of an organism 
and are termed primary infections. Many infections, however are 
due to the presence of more than one species of organism Since it 
IS difficult to determine which organism is responsible for the condi 
hen. the disec^e k called a miicd infection. If a primary infection is 
followed by the mvasion of another species of organism, the condT 
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tion IS termed a secondary injection Organisms causing secondary 
infections are capable of produemg primary infections In some 
cases the way must be prepared for the infection of a secondary 
or ganis m This IS the case m swine influenza in which the primary 
mvadmg agent is a filtrable virus which produces an inflammation 
m the respiratory mucous membrane which is then conducive to 
mvasion by the bacterium Hemophilus suis The occurrence of 
mixed and secondary infections complicates the diagnosis of disease 
After invading the body, many organisms remam localized 
produemg /ocal in/ections The locahzed lesions may remam quies- 
cent until healed or the orgamsm may gam access to the lymph or 
blood stream and be carried to other parts of the body If the 
organism is earned to other parts of the body where it agam localizes 
and produces abscesses the condition is called pyemta 

Bactenemia is a general term which denotes the presence of 
bacteria m the blood vascular system- If these bacteria are of a 
certain type such as the hemolytic streptococci acute disease may 
result Septicemia is the term given to such an mfcctious disease 
which IS accompamed by fever rapid pulse rate, and marked pros- 
tration Pathologically such a condition is characterized by pe 
techial hemorrhages, hyperemia and edema also degenerative 
changes in parenchymatous tissues 

Certain species of bacteria notably the diphtheria and tetanus 
♦t, j * potent toxins which cause tissue changes by which 

e iseases are recognized In tetanus the organism gams entrance 
through slun wounds It localizes m subcutaneous tissues where it 
produces the toxin which finds its way to the central nervous system 
y way of the motor nerves and the lymph and blood streams 
A disease produced by toxm liberated by an organism and be- 
a throughout the body by the hW stream is called 

LI™ , ’“‘h* SeneraUy m climeal 

Le coLLrrfT ° toxic materials of any kind 

LteLtor ih 1 symptoms In a later chapter the 

1 , ^“"'‘“’*”>®="=^'^“><^■=h>tI• 

producb of tLue'?* 1 ^“'Phoa of the end 

of the products of th^d'^**"'* scpremio. The absorption 

placental membranes 

known'ascxLt'hcL^ts^^SMTff’’^ cruphons are 
-a s^ne erysipelas are ^STex^it 
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The relationship of the host to infection has been discussed 
but it is well to emphasize that infectious disease is a result 
of the coming together of two factors, a virulent organism and a 
susceptible host Variability m the susceptibihty of the host to 
virulent microorganisms has been a fascinating study since the 
germ theory of disease was established DiiTcrenl species of animals 
vary m resistance to a given microorganism, and individual animals 
within the species also show the same type of resistance The term 
immunity is used to express relative resistance to disease It is 
defined more exactly as follows Immunity is a condition m which 
an individual, or a species of ammal, exhibits unusual or complete 
resistance to an infection for which other mdividuals, or other 
species, show a greater degree of susceptibihty 

Immunity, as disease, is a relative term, and depends upon the 
operation of many variable factors, snch as, the kmd of organism, 
orrat^° ''j "■■ganism, the channels by which the 

and^ the mechamcal resistance of the ammal body, 

and the normal action of the leucocytes and blood plasma 

TYPES OF IMMUNITY 

Natu^'Z!L'tv'^''“*M ‘Wes, natural and acquired 

uol immumtv Acm species immunity and indtuid- 

diseases which am f ^ ^ecies of animals are mimune to 

horses are rnimnne to'ttfe “rL horTl 
to equine encephalomyehtis swine are mun^e 

temper This ^ immune to carune dis- 

a function of species it’ is congcmtal, and smee it is 

instances mdividuak withi^^ “ unmumty In certam 

nnt to a particular disea„ ^ more resist- 

cholera m a herd of others In an outbreak of hog 

of Pigr, s»ae never show uiarked symptoms of the 
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disease. This is known as individual immunity, and may be explained 
by the fact that light cases of the disease may have occurred without 
detection. This explanation is considered more valid when the pres- 
ence of some degree of immunity is revealed by the inoculation of 
hog cholera virus. 

Acquired Immunity. Animals which are susceptible to disease 
are immunized in a variety of ways. If a durable immumty is 
desired, the animal must be injected with the organism, or its 
products, which stimulates the body cells to produce substances 
which prevent the growth of invading organisms. Since the cells of 
the immunized animal are active in producing the immune sub- 
stances, or antibodies, the phenomenon is called active immimity. 
In some cases antibodies are transferred from an immune animal to 
a susceptible one in the serum. The recipient of the serum is ren- 
dered immune, but its body cells have not produced the immunizing 
substances. This is called passive immunity. 

Active Immumty. Immunization of an animal is brought about 
by the various methods listed in the following outline; 

A. By once having a natural case of the disease. 

B, By injection of living microorganisms (vaccines) . 

1, Nonlethal doses. 

2. Attenuated 

(a) By growing upon artificial culture media. 

(b) By growing at temperatures higher than normal. 

(c) By heating to 56®-60°C, 

(d) By growing in the presence of weak antiseptics. 

(e) By animal passage. 

C. By injection of dead organisms (bacterins). 

D. By injection of the products of organisms (filtrates or ag- 
gressins). 

E. By injection of unaltered toxins in nonlethal doses or toxins 
which have been subjected to various attenuating processes 
(anatoxins or toxoids). 

Bacteria and filtrable viruses v£u:y in ability to produce im- 
munity while they are causing an active case of infection. Some 
produce a relatively permanent and durable immunity, as is true 
for smallpox in man and canine distemper. Bacteria affecting the 
intestinal tract often cause an immunity which persists for the 
season. Many diseases, glanders and tuberculosis for e.xample, do 
not result in any immunity. There is some evidence that the 
streptococci, wiUi the exception of toxin-producing strains, do not 
produce immunity; in fact, they may produce an increased suscepti- 
bility. 
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Sublethal doses of pathogenic bacteria are injected to produce 
immunity in some diseases In the bovme, for example, a certain 
amount of resistance against Brucellosis is conferred by the 
mjection of livmg organisms in small doses The method is a 
dangerous one to follow m the large majority of diseases because 
the resistance of mdividual animals is variable When an animal has 
once developed some immumty, however, large doses of fully viru- 
lent organisms can be given to mercase the immunity. 

An active acquired immunity is commonly produced by the 
injection of bacteria which have been attenuated, that is, reduced in 
virulence The methods by which bacteria are attenuated must be 
carefully controlled, however, so the chemical fraction of the organ- 
ism which is responsible for cell stimulation, with subsequent 
antibody formation, is not destroyed Some strams of organisms are 
relatively avinilent, yet they are able to produce an immunity 
against fully virulent strams 


In some of his earliest experiments m the field of immunity, 
Pasteur found that the fowl cholera organism was reduced m viru- 
lence when grown on artificial media, yet, when it was mjected 
It was able to produce a resistance m chickens against virulent 
strams He also demonstrated that the anthrax bacillus was attenu- 
ated when grown at 42«C Such cultures were used to produce 
^munity agamst anthrax Both of these fundamental methods arc 
bacterial virulence Sporeformmg organisms, 
r '■educed m 

Phpnni r ^ e spores are subjected to high temperatures 
for die au ’',"' dyes are aU used 

of smXox f ' 1" P^^-Se The virus 

ceiist'p^drath'f 

pu4„“: r 
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products are used m the urena These disintegration 

and aggresstns When houillon?!°l? ““bstoces known as filtrates 
several days, the survivme k bacteria have grown for 
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instead of the bouillon in a culture flask. The animal succumbs, and 
the body tissues and fluids, which contain the disintegration 
products of bacteria, are collected and filtered. 

Some species of bacteria are grown in an artificial medium 
where they produce specific poison called toxin. This is separated 
from the bacteria by the process of filtration and is used to inject 
animals to induce the development of an active immunity. Toxin 
may be subjected to attenuating processes which do not alter its 
ability to stimulate body cells but which do destroy its ability to 
produce s 5 unptoms and lesions of disease. This will be discussed 
in greater detail in the following chapter. 

Passive Immunity. After an animal has been immunized by 
the injection of any of the materials listed under active immunity, 
antibodies are present in the blood plasma. Susceptible animals are 
rendered temporarily immune by receiving injections of serum 
from an animal previously immunized. The passive immunity is 
only temporary, not lasting longer than four weeks in most cases. 
This period may be long enough, however, to protect the animal or 
herd through periods of exposure. Immune serum is used in 
conjunction with living organisms and toxins in producing a more 
lasting immunity. In hog cholera immunization, virus is injected 
simultaneously with immune serum. The virus produces death if 
injected alone; the immune serum prevents this, yet it allows 
enough of a body reaction to produce immunity. Immune serum 
is used, also, in the treatment of animals sick with a disease. If 
administered soon enough and in doses sufficiently large, the life of 
the animal is saved. 

ANTIGENS AND ANTIBODIES 

AntigeTis are those substances which, when introduced into the 
animal body, stimulate certain body cells to produce modified globu- 
lins, commonly called antibodies. 

Aiittbodies are modified globulins produced m the animal body 
in response to the injection of antigens and reacting specifically with 
the antigens which have been injected so that they may be phago- 
cytized, agglutinated, precipitated, or lysed. These reactions may 
occur ill vivo or they may be demonstrated in- vitro by suitable pro- 
cedures. 

Nature of Antigen. The definition of an antigen may imply that 
a wide range of chemical substances would qualify. Such is not the 
case. Tile best antigens are those with large molecules of high mole- 
cular weight, 10,000 or higher. Antigenic substances cannot pass 
through collodion or cellophane membranes nor can they pass 
through the walls of veins in the animal body. They are colloidal in 
solution. Substances which are weakly antigenic may be adsorbed 
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on charcoal, collodion particles, or kaolin, which makes them more 
antigemc 


First, it was beheved that only proteins possessed antigemc 
properties Subsequent mvestigations have revealed that certam 
lipides, especially lecithm and cholesterol, when mixed with anti- 
gemc proteins will stimulate the formation of antibodies The pre- 
sence of a polysaccharide m combmation with protem in the capsules 
of pneumococci is responsible for the type specificity of those micro- 
organisms The nature of the linkage between cell protem and 
polysaccharide is not known The carbohydrate substances m their 
pure isolated state do not function as antigens, hence they are re- 
ferred to as partiaUantigens or haptenes The specificity of the 


pneumococci, therefore, seems to depend on the abihty to synthesize 
type-specific polysaccharide Although the best antigemc substances 
are protein or at least linked with protem, not all protem substances 
are good antigens Simple proteins, such as protamines, are not anti- 
genic. Gelatm is nonantigemc Erythrocytes are excellent antigens 
but hemoglobin is poorly antigemc 

In general any large protein molecule from any source is anti- 
gemc Plant and animal proteins are antigemc An animal’s own 
protem does not serve as an anUgen when mjected mto itself The 
only knoi^ exception to this rule is the leas of the eye This sub- 
““gen upon injection but the antibody pro- 
urnt.; “ *'=''’“8 no relationship with the type specific 

protein of the animal from which it ongmated 

the oak leaf is 
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chapter; however, it is well to describe the relationship of antigenic 
structure to the determination of bacterial species at this time. As 
early as 1901 Durham showed that a single species of bacteria was 
composed of a multiplicity, a mosaic, of antigens. Denoting the 
different antigenic components of the bacterial cell by small letters 
and the corresponding antibody in the antiserum by large letters, 
he explained this multiplicity as follows: 

Antigen Antibody 

Bacterium 1. a,b,c,d,e. Serum 1. A,B,C,D,E. 

Bacterium 2. c,d,e,f,g,h. Serum 2. C,D,E,F,G,H. 

Bacterium 3. e,f,g,h,],h. Serum 3. E,F,G,H,J,IC. 

The serum prepared by the injection of Bacterium 1 agglutinates 
that organism. It also agglutinates Bacterium 2 because it contains 
antibodies for antigens c,d,e which are in that organism. It partially 
agglutinates Bacterium 3 because antibody E specific for antigen is 
present. 

Individual natural immunity is partially explained by the pres- 
ence of proteins of like nature in a number of unrelated species of 
bacteria or animals. The linkage of a protein with a different kind of 
chemical substance creates heterophile antigeny commonly called 
Forssmann antigen; for example, the injection of an emulsion of 
guinea pig viscera into a rabbit produces an antibody which causes 
the hemolysis of the red blood cells of the sheep. It is evident that an 
antigenic material of some sort is common to the guinea pig and to 
sheep red blood cells. This common antigen is an alcohol-soluble 
lipoid linked with protein. The lipoid alone will not stimulate the 
formation of heterophile antibody. Antigens of a heterogenous 
nature^ have been found in other types of tissue as well as in 
bacteria, yeasts, and Hickettsia. Heterophile antigens are classified 
into four groups: (I) those common to different species of bacteria; 
(2) those common to different classes of microorganisms (bacteria 
and yeasts) ; (3) those common to various species of bacteria and 
animal tissue; and (4) those common to different species of animals. 

The addition of substances called adjuvants to suspensions of 
bacteria enhance their antigenic qualities. Aluminum potassium 
phosphate (alum), aluminum hydroxide, calcium phosphate, min- 
eral oil, and water-in-oil emulsions are all used as adjuvants. None 
of these substances is in itself antigenic. The increased production of 
antibody following their use is presumed to be due to a slower ab- 
sorption of the antigen with a resulting longer period of stimulation 
of anlibody-fonning ccUs. 

It must be noted lliat the term antigen is also used in connection 
with certain diagnostic tests. These antigens may be the same as 
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those used to stimulate the formation of antibody, but some may be 
different For example a suspension of bacteria may be injected 
in order to stimulate the formation of antibody and some of the 
same suspension may be used m perfonning the agglutination test 
But in many instances the antigen used m the diagnostic lest may be 
different In the precipitation test it may be an extract of the bac- 
terial suspension Complicated antigens, v,hich may be used for 
diagnosis are sometimes artificially prepared A protein may be 
used to coat erythrocytes, a process known as sensitization The 
protein suspension may have been injected into the body of an ex- 
perimental animal to produce antibody The scrum from this animal, 
when added to the suspension of sensitized cry throcyles, ^v ill cause 
them to clump together or agglutinate The application of antigens 
in diagnostic tests amU bo described more fully m subsequent chap- 
ters. 


Nature o! Antibody AnUbody is any substance whicli is pres- 
ent m blood plasma and is able to neutralize and sensitize the 
antigen which stimulated lU producUon. Although the specific 
nature o£ antibody is unpbed, it is not definitely slated Antibody 
IS speeific for the antigen which sUmulatcd its production, and 
antibody is produced as the result of antigen stimulation One 
Moepbon to this statement must be emphasized, however, for in 
The detected for many antigens 
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posed of antibodies which are formed as a result of heterophile 
antigen, A third group is made up of isoantibodies which are 
inherited characteristics, of which the isoagglutinin in blood group- 
ing is the best example. The fourth group is more indefinite than 
the other three and is made up of antibody which is formed as a 
result of physiological maturity (Jungeblut and Engle) . 

Normal as well as immune antibodies have never been 
separated from protein. When antiserum is subjected to fractional 
precipitation, the antibody property is always found in the globulin 
fraction. The use of the Tiselius apparatus has characterized pro- 
teins by their rate of migration in an electric field of a known 
strength. This process, known as electrophoresis, has made possible 
the separation of normal horse serum into four different compon- 
ents, These are, albumin and three globulins, designated a (alpha) , 
p (beta) , and y (gamma) . The determination of the electrophoretic 
pattern of different serums containing antibodies has revealed that 
the antibodies are found in v globulin, however some antibodies 
may be a mixture of p and y globulin. Cameron demonstrated that 
as little as 4 ml. of y globulin obtained from pigs protected 35 lb. 
pigs against 2 ml. of hog cholera virus. The same material agglutin- 
ated Brucella abortus and Brucella suis at a titer of 1: 160. The frac- 
tion from bovine plasma gave a titer of 1:1280. Tests with other 
fractions proved beyond doubt that the agglutinins for Brucella are 
contained in y globulin. If the presence of antibodies modifies the 
chemical characteristics of serum globulin, no one up to the present 
has been able to detect it. It appears true, then, that antibody is y 
globulin altered in some way so that it reacts specifically with anti- 
gen. The injection of large numbers of different antigens into an 
animal causes the formation of an equal number of specific anti- 
bodies. This fact has led to the assumption that antibody is com- 
posed partly of the antigen for which it is specific. The tremendous 
amount of antibody formed by a small amount of antigen injected 
tends to disprove this assumption; furthermore, the injection of an 
antigen, such as R-salt-azobenzidin azo-egg albumen, a red com- 
pound, does not produce an antibody containing any of the red 
color (Heidelberger and Kendall) . 

Formation of Antibody. The alteration of globulin, antibody 
formation, takes place in those cells which are responsible for the pro- 
duction of globulin. Tlie detection of the cells which are responsible 
has been the subject of much investigation. The extirpation of the 
spleen, the blockage of the reticulo-endothelial system by the use 
of colloidal particles, and the injury to the hematopoietic tissues, 
such as bone marrow, by the use of benzene have all tended to show 
that antibody is produced by the cells of the spleen, lymph glands, 
bone marrow, and by rciiculo-cndolholial cells throughout the body. 
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The production of antibody by tissue cultures of spleen and bone 
marrow further substantiates the role of such cells and indicates 
that the mechanism is not under the control of nerve impulses. 

Hams and Ehrich, also Murphy and Sturm, have shown that 
lymphocytes may be a significant source of antibodies. By using 
fluorescence microscopy Kaplan, Coons, and Deane have determined 
the localization of various antigens m tissue cells. Pneumococcal 
polysaccharides were found in greatest concentration in the cells of 
the reticulo-endothelial system, the ordinary epithelium, and in fibro- 
blasts. The presence of antigens in cells, however, does not prove the 
antibody-producmg function of those cells. 

The mechanism by which antigen stimulates body cells to pro- 
duce antibody is not e ntir ely solved. Although untenable in li^t 
of present day knowledge, the explanation of antibody production 
by Ehrhch has served a very useful purpose, for in seeking to 
disprove it, investigators have contributed much to the knowledge 
of the subject Smce Ehrhch’s lateral^chain or side~chain theory of 
^unity has been of such interest in the past and is of great 
t^toncai value, a descripUon of it b given here, not, however, with 
the assumption that it explains antibody production. 

In 1885 EhrUch discussed the fundamental principle of cell 
nutrition- He contended that nulnUve material was used by a cell 
c=u poKessed a structure to which the food material 
moTL -.t composed of a large central 
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toxins, were injurious only when cells possessed side-chains to 
which they could be attached. Ehrlich called the points of attach- 
ment in the cell, receptors. He assumed that the cells which reacted 
to an antigen, or a large variety of antigens, possessed a specific 
receptor for each type of protein substance. If the antigenic 



substance produced injury to the cel!, the injured cell was stimu- 
lated to produce more receptors of the same type which were 
specific for the irritating substance. This explanation, was based on 
the hypothesis of Weigert, that is, that an injury produced a 
hypercompensation on the part of tissues affected. The receptors 
were produced in such large numbers that they were liberated from 
the cell and became a part of the blood plasma. Here they became 
attached to the antigens and caused their neutralization. Cell re- 
ceptors or antibodies of various kinds were produced, each having 
its definite hmcUon. Ehrlich referred to them as antibodies of the 
first order, second order, and third order (Fig. 8.1). Antibodies 
of the first order (antitoxin) were active in the nciUralization of 
toxin. The phenomenon of applutination was explained by the func- 
tion of the antibodies of the second order. Elirlich gave most of his 
attention to the complement jixatiou reaction which he explained 
so clearly by his descriptions of the functions of his antibodies of 
the third order. 
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Ehrlich’s theory is no longer tenable because zt is inconceivable 
that cells would have on hand the receptors necessary for the un- 
Imuted number of antigens which can be prepared The cells which 
axe irritated by the antigen have been shown to be those which, for 
me greatest part, are not responsible for antibody reproducbon. 
Nerve celt, tor example, do not produce anUbody although they are 
viWly affected by tetanus toxm It is difficult to visualize the 
detachment of receptors from cells and still assume that antibody 
production is similar to the normal physiologic funcUoning of cells 
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Pauling has proposed a somewhat similar theory. He contends 
that both ends of the polypeptide chain making up the globulin mole- 
cule are altered by contact with antigen, giving the molecule its 
antigen-specificity. 

Shades of the old Ehrlich theory are observed in the explanation 
of antibody formation proposed by Burnett. He believes that “adap- 
tive” enzymes contained in antibody-forming cells are permanently 
modified in the process of utilizing antigens which enter such cells. 
These enzymes continue to produce globulins conforming to the 
pattern of the most persistent and recent stimulation. 

Obviously the exact method by which antibody is formed is 
not known. That it is a result of an alteration of serum globulin 
either by a chemical or physical action on the globulin-secreting 
cells by antigen appears fundamentah Satisfactory explanations of 
this phenomenon by the scientists of the future will be welcome 
additions to scientific literature. 

The variations in antibody production which are observed in 
natural disease, by differences in the resistance of individuals to in- 
fection, have not been explained. It has been presumed that these 
differences are manifestations of normal body function. Apparently, 
there are many factors which may influence the production of anti- 
body in the animal body. Wissler and co-workers have noted a def- 
inite relationship of protein-reserves to antibody production. The 
administration of high-quality protein to protein-depleted rats led to 
an increased production of hemolysin. Chase, White, and Dougherty 
have reported that the rate of antibody production to sheep erythro- 
cytes was increased in mice, rats, and rabbits by the subcutaneous in- 
jection of aqueous adrenal cortical extract. They suggest that the 
enhancement of antibody titer is due to the increased rate of release 
of antibody from lymphocytes affected by augmented amounts of 
pituitary-adrenal cortical hormones. 

There is no doubt that the union of antigen with antibody is 
most significant in immunity. However, it must be emphasized that 
natural resistance to disease does not involve antigen-antibody union. 
For example, the resistance of the horse to the virus of hog cholera 
is not explained by the neutralization of the hog cholera virus by 
hog cholera virus-antibody in the plasma of the horse. This type of 
resistance was referred to earlier in this chapter under the heading 
species iiutimuity. At this place it is logical to note a difference 
between natural or inheritable resistance, and immunity involving 
ontigon-antibody union. In the example just given, hog cholera-virus- 
iieutralizing antibody does not exist in the plasma of the horse, yet 
that animal is completely resistant. Numerous other examples of 
natural resistance could be cited as accepted facts, although not 
easily explained. It is well to repeat that it takes a combination of 
pathogenic ayent and susceptiMc host to produce disease. 
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In practically every infectious disease of man and animals anti- 
body IS formed durmg the infectious process However, antibody 
does not appear immediately, nor does the animal become at once 
immime The same generalization can be made concerning the m- 
jection of antigens mto the ani mal m the immunizing process The 
rate of production of antibody depends upon the amount of antigen 
injected In general, measurable antibody does not appear until five 
days have elapsed In very acute disease, the animal may die before 
antibody is produced In chrome disease more antigen is released 
from infected tissue, furthermore, there is prolonged release of anti- 
gen, so a greater antibody titer results As the animal recovers, anti- 
body dimmishes A parallel condition exists when an animal is m- 
jected with antigen. Antibody production can be markedly mcreased 
by contmued mjections The production of hyperimmune serum m 
swine for use m hog cholera vaccination is a good example The pig 
in which anti hog cholera serum is produced may be immune, but 
m order to produce a more potent antiserum a large quantity of hog 
cholera virus is mjected 


In, general, antibody disappears from the circulation when the 
animal completely recovers from the disease or when no more in- 
jections are given Exceptions to this generality are to be noted m 
those diseases where the infecting agent has become localized An 
excellent example of this condition is observed m Salmonella pul- 
fiction The disease caused by this organism is most ap- 
° “ •*'" “wly hatched chick Many die 

cover ihf^ hatching Unfortunately many re- 

mS tch ‘’".'’“"’E localmid m the ovary of the female 

Vhen such a hen reaches egg laymg maturity, each egg she lays 

tet by the agglutination 

aggiutinatmg antibe^ production of 

after^htTtSutaUe?S'an“gmt.^^a 

"etL^ otthe 

cause It to reappear much *“bPnared, an injection of antigen will 
called an eneTiTir^ ”“'17 “ did originally Tins . 

related antigens may cause ant.h the mjection of un- 

those antigens to which^ “ * ? ? are specific for 

AcUon „E Antibody 

antigen is more famtlicy antibody upon its homologous 

concerning immunology is based available information 

anUgen and the fun-tion at antibody affects the 

the various phenomena related^to factors which result 

related to the immune state 



The Principles of Immunity 179 


Ehrlich attempted to explain these phenomena by his side-chain 
theory of immunity when he divided antibodies into three orders and 
concluded that the neutralization of antigens by antibodies was simi- 
lar to the neutralization of a strong acid by a strong base. The fact that 
some uncombined antigen and antibody remains following immun- 
ity reactions makes Ehrlich’s explanation doubtful. Arrhenius and 
Madsen explained the reaction as being similar to that of a weak 
acid and a weak base where some of each of the reacting substances 
remains unaltered. Immunity reactions show many of the charac- 
teristics of adsorption reactions between two colloids of opposite 
charge. This view, initiated by Bordet and supported by many, is 
best illustrated by the action of iodine on starch. A dilute solution 
produces a light blue color; a strong solution produces a deeper blue 
color. The union of antigen-antibody, however, does not explain 
all the phenomena associated with immune reactions although it is 
fundamental to all of them. Whether the reaction is chemical or 
physical is not known. Recent conceptions by Marrack lead to the 
belief that it is chemical. 

The union of antibody with antigen sensitizes the latter so that 
it may he acted upon by various forces, accessory factors, which 
bring about the completion of the various reactions associated with 
immunity. One of the most outstanding characteristics of immunity 
is the fact that the sensitization- of antigen by antibody is highly 
specific. That is, antibody will luiite with and sensitize only that 
antigen which has been responsible for its formation. Another 
important characteristic of antigen-antibody union is that it is 
fundamental to those reactions which occur later; consequently, 
every immunity reaction appears to be a two-phase phenomenon, 
(1) combination and (2) reaction. 

The first phase may occur without any physical change in the 
reacting ingredients. It usually is rapid, being complete in a few 
minutes. Unless the mixture is subjected to certain conditions 
characteristic of the second phase it would not be possible to detect 
that combination of antigen and antibody has occurred. 

The second phase of antigen-antibody union is characterized 
by reactions which are known as neutralization, precipitation, ag- 
glutination, complement fixation, and phagocytosis. 

Early workers in the field of immunology, following the lead of 
Ehrlich, conceived that different types of antigens were responsible 
for tlic formation of different anUbodlcs and that these antibodies 
all acted in their own unique way. There was developed, then, a 
nomenclature, much of which is still in general use, for the different 
antigens and antibodies. Table 8.1 gives the name of the antigen, the 
antibody, tlie accessory factors necessary for the complete reaction, 
and the results of the reaction. 
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The Unitanan Tlieory The early conception that the anti- 
bodies, agglutinin, precipitin, opsonin, and amboceptor, had separate 
and individual functions has been responsible for much confusion 
The similanlies between the agglutination and precipitation re- 
actions tended to make this assumption doubtful, and Zinsser clari- 
fied the problem by his “unitanan hypothesis ” 

This theory contends that the fundamental process m all im- 
munologic reactions is the union of antibody itif/i antigen. This 
process, as previously mdicated, is a scnsitiring action which pre- 
pares the antigen for the function of various accessory factors, 
hence, after a given antigen has been sensitized by contact with its 
homologous ontibody, any of the reactions may occur If the antigen 
is toxin, neutralization occurs If the antigen is a suspension of bac- 
terial cells and if an electrolyte is present, agglutination is the result 
Precipitation of protein substances follows m the presence of an 
electrolyte Lysis of bacterial cells takes place in the presence of 
normal serum and phagocytosis of bacteria is brought about if 
phagocytic body cells are placed m contact with the sensitized bac- 

TABLE 81 
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Toxin and Antitoxin 


TOXINS 


Various types of antigens which are used to produce immunity 
have been discussed previously Of these, toxins are of great im 
portance The word toxin is often used to cover a wide variety of 
substances but generally is used to denote a bacterial poison which 
IS capable of produang disease m a susceptible animal Bacteno 
logically speaking toxins are divided into two types exotoxtns and 
endotoxins Each type has certain characteristics by which it may 
be recognized 


EXOTOXINS 


ENDOTOXINS 


1 Excreted by bacteru m the med- 
ium m which they are grown 

2 Highly specific for certain tissues 
and Cells such as nerve muscle 
erythrocytes producmg typical 
symptoms of disease of which tet- 
anus IS a good example 

3 Very toxic Amounts small as 0 001 
mL of some toxins lethal to guinea 
pigs 


4 Umtable quickly losmg toxi' 
when exposed to 60* when 
posed to various chemicals, 
when stored at room temp^t 


1 Intracellular substances liberated 
by bactenal disintegration into the 
medium in which the bacteria are 
grown 

2 Not specific for tissue but do pro- 
duce general effects such as fever 
Do not produce specific symptoms 
of disease 

3 Weakly toxic in general but cer- 
tam Gram negaUve bacteria pro- 
duce endotoxm lethal m 0^ ml 
amounts in mice 

4 Stable remainmg toxic after ex- 
posure to $0® C unchanged by 
chemicals, and by storage at room 
temperature 


5 aghly anugemc stimulating the 
specific neutralizing 
anutoxms m animals which have 
been mjected ® 


” .utugemc, noi. amni* 

“ting the formation of specific neu- 
tralizing antitoxins but do stimu- 
late formation of antibodies which 
can be demonstrated by agglutina- 
tion, precipitation and comple- 
™ent fixation. 

6 Not converted into toxoids by 
-- action of chemicals antigemcity re- 

Ordinarilv the t unaltered. 

“Sd m this 


s (inverted mto toxo.d. by troll, 
ment with for malin nn<r _4t,_ 
■ismcals. Retail, ™ 

grmcty but lose toiSr 
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Sources of Toxins. Toxins are produced by a number of bac- 
teria, plants, and animals. The bacteria which produce toxins are 
relatively few, but the list is being increased as the poisonous pro- 
ducts of more of the bacteria are discovered. The toxins vary in 
ability to cause disease; this makes it difficult to form a definite list 
of toxin-producing bacteria. The best criterion of toxicity is the 
ability of the toxin to stimulate the formation of an antitoxin which 
possesses definite neutralizing properties. The following species of 
bacteria are known to produce true toxin: 

Streptococcus pyogenes — erythrogenic toxin in scarlet fever. 

Micrococcus aureus — ^hemolysis, necrosis in man and animals. 

Clostridium tetani — tetanus or lockjaw in man and animals. 

Clostridium chauvoei — blackleg in cattle and sheep. 

Clostridium septicum — malignant edema in man and animals. 

Clostridium perfringens — ^wound infection in man, dysentery 
and enterotoxemia in animals. 

Clostridium novyi — infectious necrotic hepatitis in sheep. 

Clostridium botulinum — food poisoning in man and animals. 

Shigella dysenteriac — dysentery in man. 

Corynehacterium diphtheriae — diphtheria in man. 

Corynebacterium pseudotuherculosis — ulcerative lymphangitis 
in the horse and caseous lymphadenitis in sheep. 

Pseudomonas aeruginosa — ^suppurative processes in man and 
animals. 

Hemolysin, leucocidin, and fibrinolysin which are produced by 
a number of different species of bacteria are classed as toxins. 

Some of the plants are able to produce powerful toxins. Ricin 
from the castor-oil bean and abrin from the jequirity bean are typi- 
cal examples. Robin is a toxin from the bark of the locust Certain 
of the mushrooms or “toadstools” produce potent toxins. 

The poisons of certain snakes, scorpions, and spiders are the 
oldest toxins known. 

Tlie Nature of Toxins. Although each of the above toxins has 
characteristics peculiar to itself, there are characteristics common 
to all. Toxins are water-soluble products which respond to all of 
the reactions characteristic of protein substances. This does not 
imply that toxins arc proteins, and in the future improved methods 
of separation and purification may reveal their true chemical na- 
ture. Toxins are precipitated with albumose and peptone fractions 
of proteins by the action of ammonium sulphate, aluminum sul- 
phate, zinc cliloridc, alcohol, or nucleic acid. Although these 
citemicals are used to concentrate toxins, they are not of value in 
separating tliem from the fractions of proteins. Toxins are non- 
crj'stalUnc, and they cannot be dializcd except through very thin 
nicmbranes. Toxins are labile, particularly with respect to heat and 
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chenucals A temperature of 60®C is destructive to toxins, and at 
least 95 per cent of the toxin molecules are dcstro>cd by 56°C , 
however, an exception is the streptococcus toxin which is not totally 
destroyed by boiUng for 20 minutes Light and oxygen arc detri- 
mental to toxins Proteolytic ferments, such as trypsin and crepsm, 
destroy toxins Toxins arc destroyed by an acid reaction of pH 3 5 
The action of toxins upon tissues can be studied only by their 


mjection mto susceptible animals, m fact, the presence of toxin in 
a bacterial filtrate can be detected only by such a procedure There 
are no chemical tests which reveal the presence of toxin The 
potency of many of the toxins is an important characteristic 
Tetanus toxin is so powerful that 1 ml w ill cause the death of 50,000 
to 75,000 guinea pigs Botuhsm toxin is considered to be the most 
powerful poison known Toxins exert their action, however, only 
after a period of incubation,” or a suflicient lapse of time following 
mjection to allow the toxin to become fixed to the susceptible tissue 
A very small dose of toxin will stimulate body cells to produce 
ywific anubodies or antitoxins, which will neutralize the toxins m 
ue^te proportions AnUtoxic sera are used for the protection of 
uuhviduals who are immumzcd by a simultaneous injection of toxin 
Md in the Ircalment o£ individuals who arc suffenng with an mfec- 
th, orsaniam In tetanus, for example, 

antitoL°'f(f “T”* injection o£ tetanus 

ever the effectiveness o£ tetanus antitoxin is considerably reduced 

produ^“io7° t^used by toxm- 

by the iniection^r ii^ ^ uijecUon o£ toxin in nonlethal doses, or 
toxm mXrf ”, hixm Elulich demonstrated that the 

and haptophore ThnctionVrta’’^'” toxophore 

the toxonhorc t 41 . m produemg disease is due to 

ch::rht'LSn”'£trott 

with tissue hv 1 , » i_ Toxin is combmed or umted 

Wti""u.f and It . tais part which 
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diseases. Diphtheria and tetanus toxoids are universally used in 
medicine. 

Tissue Specificity o£ Toxins. One of the most important char- 
acteristics of a toxin is its specificity for a certain tissue. The toxin 

liberated by Clostridium tetani is specific for two types of tissue 

nerve tissue and erythrocytes. Toxin which combines witlr nerve 
tissue is called neurotoxin and in the case of tetanus, tetanospasmin. 
Toxin which acts on erythrocytes is called hemotoxin or hemolysin 
because it causes a lysis of the red blood cell with liberation of 
hemoglobin. 

The toxins of Streptococcus pyogenes are able to cause hemol- 
ysis of erythrocytes and the formation of an erythema. Diphtheria 
toxin effects the nerve centers of the vascular system and produces 
degenerative changes in heart muscles, kidneys, and liver. The 
toxin of botulism causes a paralysis of the muscles supplied by the 
cranial nerves. 

Determination of the Potency of Toxins. With the more power- 
ful toxins, the death of a susceptible experimental animal is used 
as a criterion of potency. In order to compare a toxin produced by 
one strain of an organism with that produced by another, standard 
doses, methods of injection, time of action, size of animal, and 
species of animal are considered. The smallest dose of a certain 
to^ which will kill an animal in a definite time is called the 
lethal dose, designated M.L.D. The exact definition of 
su M.L.D. varies with the toxin. An M.L.D. of tetanus toxin is 
defined as the least amount that will kill a 350 gram guinea pig in 
96 hours. An M.L.D. of diphtheria toxin is the least amount that will 
kill a 250 gram guinea pig in 96 hours. 

Toxins which cause the hemolysis of red blood cells also are 
tested for potency; for example, the minimum hemolytic dose, 
M.H.D., of staphylococcus toxin is the amount which will hemolize 
1.0 ml. of a 2 per cent suspension of rabbit erythrocytes in one hour 


The toxin of the scarlet fever streptococcus produces an 
ep/thema. Susceptible children are used in order to test the potency 
of fills toxin. The toxin is injected into the skin of the arm and the 
unit of measurement is called the skin test dose, S.T.D The small 
est amount which gives a reaction 1.5 cm. in size in 24 hours is 
designated the S.T.D. of scarlet fever toxin. 


antitoxin 

antiMies”"^ characteristics generally attributed to 

An antitomn is produced by Wy cells in response to a stimulus 
by a toxin and is specific for the toxin which has stimulated its 
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production. Antitoxins combine with toxins m the body of the 
immune animal and m test tubes m the laboratory In a great many 
respects the combmation of toxin with antitoxin tn vitro is of the 
same type as the combmation of chemicals Smce toxm antitoxm 
union follo^^s the law of constant proportions, Ehrhch believed the 
reaction to be a chemical one, similar to the neutralization of a 
strong acid by a strong base Toxins and antitoxins combine slowly, 
however, and until a certam stabihty has been reached, the two 
substances may show a reversible reaction In most instances a 


certam amount of each of the reactmg substances remams free This 
led Arrenhius and Madsen to explam toxm antitoxin reactions as 
similar to the action of a weak acid with a weak base Bordet 
believed that the reaction is an adsorption phenomenon, similar to 
the adsorption of ink by a blotter The toxm is neutralized in pro- 
portion to the amount of antitoxm which is adsorbed by it Ramon 
has demonstrated that toxin is precipitated by antitoxin and that 
the reaction is so definite that it may be used as a standanzation 
procedure This mdicates that the umon of toxm antitoxm is similar 
to any precipitation reaction mvolving antigen and antibody and the 
action of an electrolyte 


AntUoxuis are relatively stable but are destroyed by a temper 
atoe of 62 C Refrigeration at 3» to 5»C mauitams antttoxm 
satisfactordy, and when dried m oocuo there is little deterioration 
over long periods of time The addiUon of 0 5 per cent chloroform 
preserves antitoxm 


Production of Antitoxm The producUon of antitoxins for the 
animals and man against the vanous toxins foUows 

■= ‘"P=-=‘=d to produce 
arm^’ia I'T!? -a coUeeted. filtered, and concentrated, the 
^^^oro^ a'"’ P°‘''''=y Tetanus antitoxin 

LTa bne?de^,r ”“1“ niedicme, there- 

the general proeeduro":! LiJZfp'Xuom ' 

duces a highly°^ent t^'^ ^ Ooslndium teteni which pro 
organism is grown in veal mf producUon The 

sodium chlonde and 7 per cent^^nt 0 5 per cent 

the medium to enhance the cn-n Dextrose can be added to 

It dof^ not increase the organism, but apparently 

with a la> er of petr^t^^ medium is covered 

prc\ ions to inoculaUon. The m sterilized to drive out oxygen 

10 to 14 da>s for maxiim!l^ “cdium is incubated at 34o to 35°C for 
toxin decreases aftf>r 14 das* ^ Pr^uction. The potency of the 
‘he h%-ing hactena b\ passm*. toxm is separated from 

> Paamg through a Berkefeld N filter The 
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filtrate can be preserved by the addition of 0.5 per cent phenol, or 
the toxin may be precipitated with ammonium sulphate and pre- 
served in the dry state. The toxin in the dry state is easily dissolved 
in sterile salt solution and may be placed in various dilutions for the 
purpose of standardization. 

The toxin is then tested for potency. This is done by making a 
series of dilutions of 1:1,000, 1:5,000, 1:10,000, 1:15,000, 1:20,000, 
1: 25,000, and injecting 1 ml. of each dilution into a series of 350-gram 
guinea pigs. The weakest dilution which causes the death of the 
guinea pig in 96 hours is chosen as the M.L.D. 

Tetanus Antitoxin. The horse used for production of antitoxin 
must be in good condition and absolutely free from disease of any 
kind. The animal is given a foundation immunity by the injection 
of tetanus toxoid or by the injection of toxin and antitoxin. The 
animals are then given 10-20 guinea pig M.L.D.’s at three-day 
intervals; the doses are gradually increased until the animal 
receives as much as 1,000 ml. of culture filtrate. Toward the end of 
the fifth or sixth month after immunization is started, samples of 
serum are taken and tested for the potency of the antitoxin. When 
the antitoxin has reached a satisfactory potency, the animal is bled 
(Fig. 9.1), and the clear serum, antitoxin, is removed after the 
blood has clotted. It is preserved as whole serum by the addition of 
0.5 per cent phenol or 0.4 per cent tricresol. The whole serum may 
be used therapeutically or it may be concentrated. 

The concentration of antitoxin is based upon the fact that blood 
serum is a mixture of various proteins, pigments, and inorganic salts 
and that antitoxin is one of the protein fractions. Concentration is 
desirable for two reasons; first, to eliminate those serum fractions 
which may cause anaphylactic reactions, and second, because there 
is little reason for injecting inert substances in therapeutic treat- 
ment. All of the methods which have been devised for the concen- 
tration of antitoxin are based upon the differences in solubility or 
coagulability of the various serum constituents. The original meth- 
ods of Gibson and Banzhaf have formed the basis for most of the 
methods which are in use at present. 

Many methods are used throughout the world for standardizing 
tetanus antitoxin. The method used in the United States follows the 
one originally described by Rosenau and Anderson in 1908. The 
standard of measurement of antitoxin is called the immunity unit. 
The immunity unit for tetanus antitoxin is ten times the least 
amount of serum necessary to save the life of a 350-gram guinea pig 
for 96 hours against the official test dose of standard toxin. The 
official test dose of toxin consists of a precipitated toxin preserved 
under special conditions at the laboratories of the National Insti- 
tute of Health in Washington, D. C. This toxin is sent to laboratories 
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to be used in standardizing antitoxin In order to find the immunity 
unit (I U ) various dilutions are made of the antitoxm which are 
then mixed with a standard dose of toxm After the toxm and anti- 
toxin are placed together the mixtures are kept at room tempera- 
ture and then mjected subcutaneously mto a senes of gumea pigs 
weighmg approximately 350 grams 



After *e potency of the anUtoxin m tenns of immunity units is 
aetermined, the antitoxm is placed m vials contammg varymg 
amounts and is ready for therapeutic use 

Otter Methods of Staudardmng Antitoxms Ramon demon- 
stra ed as early as 1922 that a precipitate results when toxm and 
MUtoxin are mixed m defimte proportions This method has been 
f and IS a valuable adjunct to the 
ttological method of standardisation The unit of toxm which is used 
the standardimtion of antitoxm is caUed the Lf dose An Lf unit 
“detem3b antitoxm and 

?he re™lm “‘“a™ of known potency 
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v.ere able to dctcrmino mixture These investigators 

elermme the amount necessary to produce neJrosis, 



Toxin and Antitoxin 


189 


hence they arrived at a method of testing the potency of antitoxin. 
The rabbit has been substituted for the guinea pig in the test by 
some investigators. It has been observed that the rabbit sldn is 
more sensitive to the toxin than is that of the guinea pig, and a 
larger number of tests can be made on one animal. The method has 
not come into use in the standardization of diphtheria antitoxin in 
commercial establishments, but it has been found to be of value in 
detecting the presence of minute amoimts of antitoxin in blood 
serum. The Schick test in man is a practical application of the 
principle of the test for determining susceptibility to diphtheria. 
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Agglutination and 
Precipitation 


When a small amount of homologous immune serum is added 
to a suspension of bacterm m salt solution, the bacteria form m small 
clumps which cause them to settle to the bottom of the test tube 
This phenomenon is known as agglutination When a amount 
of homologous immune serum is added to any protein in a $alt solu- 
tion, the protein molecules are brought together forming aggregates 
with the immune serum whidi are large enough to produce a dis- 
tinct turbid layer at the ]uncUon of the reacting substances This 
phenomenon is known as precipitation 

The distmction between agglutination and preapitation is as 
0 ows Agglutination occurs when the antigen is m suspension m 
the form of mdividual cells or hnely divided particles PrecipiUUon 
^UK when ^tigen is a coUoid m solution Otherwise the two 
reactions are fundamentally the same 


AGGLUTINATION 

°£ bactenal cells m the presence of an mtmunc 
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The Antigen. There is no reason to assume that the antigen 
which stimulates body cells to produce the antibody functional in 
agglutination is different than any antigen The fundamental crite- 
ria which sepaiate agglutination from other antigen-antibody le- 
actions are those conditions or accessory factors essential for the 
clumping of particles m suspension These will be given presently. 

A more satisfactory agglutmation reaction results when the 
entire bacterial cell is used as an antigen, inasmuch as the entire 
body cell is used m preparing the bacterial suspension used in the 
test It IS appropriate to state here tn our discussion that this bac- 
terial suspension is also called the antigen Prior mention has been 
made of mosaic nature of bacterial cells m respect to their pro- 
tem composition It is well to emphasi2e that each protem molecule 
acts as an antigen, consequently large numbers of specific anti- 
bodies are formed as a result of the injection of a bacterial sus- 
pension into an animal In general terms the body of the bacterial 
cell IS composed of somatic or O antigen The flagella surrounding 
the bacterial cell are antigenic and are known as flagellar or H 
antigen It is obvious that if one wishes to prepare antibody which 
will cause the specific agglutmation of a fiagellated bacterium, the 
antigen used to stimulate the formation of this antibody must be 
composed of fiagellated bacteria 

Other cells, particularly erythrocytes, are satisfactory anti- 
gens Most significant use is made of the agglutination of red blood 
cells in the typing of blood prior to blood transfusion in man The 
details of this iechnjc are gsvea later m the chapter Previous 
tion has been made of another use of erythrocytes in agglutmation 
A suspension of such cells may be placed in contact with a bacterial 
extract for the adsorption of the extract to the erythrocytes If a 
positive antiserum is then added to the suspension, the erythrocytes 
will agglutinate, due to the presence of the adsorbed bacterial ex- 
tract 

Other substances may be used as antigens in agglutmation. 
Collodion may be divided mto extremely small particles by physi- 
cal manipulation These particles may be coated with a desired 
protem, usually the endotoxm of an organism which cannot be 
placed m a suitable suspension, such as an actmomyces Antibody 
IS then prepared by mjecting the protem or endotoxin mto an ex- 
perimental animal This antibody can then be used to cause the 
agglutination of the protein-coaled particles of collodion 

The Antibody. The agglutination reaction is due to the sensiti- 
zing action of antibody on cells in suspension This antibody is 
commonly called agglutinin, but it must not be inferred that it is 
different from antibody The terms normal aaoliUmiu and nor- 
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7nal agglutmation are often used when discussmg this reaction. 
These are expressions moaning that the agglutmation of bacteria 
may be brought about by normal scrum In the use of the 
agglutination reaction for testing cattle for Brucellosis, agglutination 
of the bacterial suspension is often observ cd in the 1 25 titer This is 
considered due to normal agglutinin and not of diagnostic signifi- 
cance The explanations for tlie presence of normal aggluUnm in 
serum are the same, obviously, as tliosc given m the last chapter 
for normal antibody 

Bletliod of Agglutuun Action. Numerous explanations of the 
mechanism of agglutination have been advanced since llio discovery 
of the reaction Of all of these, the one advanced by Bordet in 1899 
has been the most accurate At that time he called attention to tlie 
need of salt in the reaction and stated that the entire phenomenon of 
agglutmation may be divided into two phases, of which the first is 
experimentally produced without the second, the first is a period 
durmg which the isolated particles are affected by tlie agglutinin, and 
the second is a period of agglutination The individuality of the par- 
ticles affected is of significance only m the first phase During the 
second phase, particles or cells in obedience to molecular attraction 
s ow, m their agglutination only such characteristics as occur xn the 
clumpmg of mmeral particles 


most helpful conception of the agglutmation reaction is 
found m companng it with the phenomenon termed “salUng out ’ of 
protem A study of the effect produced by passing an electric cur- 
rent through a bacterial suspension generally shows the bacteria 
moving toward the posiUve electrode This proves that the bacterial 
° negative charge and tend to repel each other, thus 
ie “ •“gt* concentrations of many salts 

Saturatd ' i^'teruil suspension, the baetenal cells flooculale 
LlStop, 7“°“™ for example, will ffoceulate, or 

settle out “ttger repel each other, they cling together and 
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attachment may be, it is known that a specific union exists and the 
physical characteristics of the surfaces of bacterial cells are changed. 
The second phase of the reaction, the flocculation of particles in 
suspension by the reduction in potential by an electrolyte, is more 
understandable. Northrop and DeKruif have shown that bacteria 
have cohesive force, as well as surface potential, and that a dialyzed 
immune serum added to a bacterial suspension slightly decreases 
both forces. A salt solution decreases the potential still lower, and 
when it reaches a value of 15 millivolts, the cohesive force, 
unaltered by salt, causes the bacteria to adhere to one another, 
to form larger aggregates to produce agglutination. 

Although it takes only a minute amount of agglutinating 
serum to sensitize bacteria, a positive reaction is not obtained when 
the serum is diluted too much. This is often referred to as the post 
zone in a senes of dilutions. Occasionally, the first few dilutions of 
a series do not agglutinate but the next few tubes give a positive 
reaction. This prezone or prozone reaction has not been completely 
explained but is presumed to be due to globulin which coats the 
bacteria so that cohesiveness is reduced to such an extent that ag- 
glutination does not occur. 

Autoagglutinatiou. Spontaneous agglutination of suspensions 
of bacteria often occurs; for example, difficulty is sometimes exper- 
ienced with bacteria used for agglutination tests because they 
flocculate spontaneously; that is, they agglutinate in the absence of 
specific antiserum. Autoagglutination, which makes bacteria un- 
suitable for agglutination studies, is observed in many bacterial 
groups, particularly in the streptococci, the bacilli, and most of the 
actinomyces. It has been found that autoagglutination may he over- 
come by growing the organisms at lower temperatures, and in 
some cases in a serum medium. Autoagglutination is a character- 
istic intimately connected with the action of salt and a method 
which helps to prevent it, and to obtain suitable suspensions for 
study is to reduce the concentration of salt in the suspending fluid. 

Acid Agglutination. Most bacteria in suspension may be agglu- 
tinated by the addition of acid; this is due to the increased concen- 
tration of hydrogen ions in the medium. Some species of bacteria 
are agglutinated at a lower hydrogen-ion concentration than others; 
this fact has been suggested as a basis for the identification and 
classification of bacteria, but it has not been generally adopted. Acid 
agglutination is of great practical significance in laboratories where 
routine agglutination testing is done. The use of acid in cleaning 
test tubes and pipettes should be limited and they should be thor- 
oughly rinsed. 

Group Agglutination. The statement that agglutinins are 
specific must be elaborated upon. It has been shown that the 
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serum homologous for a certain organism may clump to a Iei>ser 
degree some other species or closely related forms and m rare 
instances species quite unrelated This is because all of the 
agglutinogen released by a particular organism is not of one type, 
the agglutinins produced therefore are likewise of diiTcrent types 


It IS entirely probable that closely related organisms possess some 
identical agglutmogens consequently, they have some common 
agglutmins Agglutination of an orgamsm by a heterologous scrum 
IS termed group oggluUnalton. The agglutinins which arc specific 
for the orgamsm are called its chief agghttmina, and those common 
to two or more organisms arc termed coagglutmins It has been 
demonstrated that differences exist between the agglutmins pro 
duced by various strams of the same orgamsm It is important, 
therefore, in testing the agglutinating power of any scrum, to dilute 
it to such an extent that the action of the coagglutinms is negligible 
so the action of the specific or chief agglutmins will be recognized 
The agglutinin absorption lest is based upon the existence of 
coagglutinms In the agglutinin absorption lest suspensions of the 
different strams or species of organisms are added one at a tunc 
to the serum To each mdividual stram or species is absorbed the 
agglutimn for that strain or species The test is used m the differ- 
entiation of closely related bacteria Figure 10 1 illustrates group 
agglutination If antiserum 1 is added to a suspension of organum 
1 an of the aggluUnm wiU be absorbed If however, antiserum 2 
is added to suspension 1 agglutmins A and F will be absorbed If 
^1 of organisms 1 are removed from the suspension by centn 
riln? supernatant fluid is added to suspension 2 

h of agglutinin B 

which had not been absorbed by suspension 1 The saiurprocedure 
may be applied to orgamsm 3 ^ 
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in the animal body has been demonstrated by numerous investi- 
gators. It it assumed that as a result of this agglutination more 
organisms are engulfed by phagocytes than would be true otherwise; 
therefore, it is evident that the reaction is of value as an aid in 
ridding the body of invading organisms* It has been definitely demon- 
strated that agglutination itself does not 
kill the organism. Pfaundler lias called 
attention to the fact that a mixtmre of 
serum containing typhoid agglutinin, 
with typhoid bacteria will cause the lat- 
ter organisms, when incubated, to grow 
into threads. This is known as the 
Pfaundler thread reaction. 

Agglutinatiou Tests in Disease Di- 
agnosis. The fact that an organism de- 
veloping in the body generally incites 
the production of a specific agglutinin 
has led to the wide use of that substance 
in the diagnosis of certain infectious diseases; that is, all diseases do 
not result in an appreciable production of agglutinin. The test is 
carried out by mixing the serum from a suspect with a suspension 
of the organism responsible for the disease. If agglutination occurs 
in proper dilutions, it is evident that the specific organism is or has 
been present in the patient. The principal disease organisms which 
cause the production of appreciable amounts of agglutinin are; 
Salmonella typhosa (typhoid fever), Salmonella paratyphi (para- 
typhoid) , Brucella species (brucellosis in animals and man) , Sal- 
monella pullorum (puUorum disease), Escherichia coli (colibacil- 
losis in animals and man), Salmonella species which cause food in- 
fections in man and enteritis in animals, Pseudomonas aernigiiiosa 
(suppuration in animals and man), Malleomyces mallei (gland- 
ers), Fasteurella pestis (bubonic plague), Pasteurella tularensis 
(tularemia in animals and man) , and Erysipelothrix rhusiopathiae 
(swine erysipelas) . Many other organisms stimulate the production 
of agglutinins, so the test is used in an experimental way for differ- 
entiating bacteria. 

In the diagnosis of disease by agglutination, three different 
types o£ tests are used; The microscopic test, the macroscopic tube 
test, and the macroscopic plate, or rapid test. 

The IVlicroscopxc Test. The microscopic test was first used by 
Widal and by Gruber for the diagnosis of typhoid fever, and for 
that reason it is often referred to as the Griiber-Widal test, or simply 
the Widal test. The technic of this test may be used in the diagnosis 
of diseases other than typhoid fever and may be used in the labora- 
tory in the differentiation of closely related types of bacteria. 
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functioning In group agglu- 
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The technic consists of several dilutions, 1 10, 1*20, 1 40, etc. 
of the serum of the suspect A loopful of each serum dilution is placed 
upon a clean cover glass and a loopful of the bacterial suspension is 
added and mixed carefully A control is prepared by adding a loop- 
ful of the bacterial suspension to a loopful of physiological salt solu- 
tion on a cover glass Both cover glasses are then inverted on a 
hollow-ground glass slide and exammed under the high-dry lens of 
the microscope If the organism is motile, the control should show 
the organisms uniformly distributed over the field movmg about 
actively The organisms m the test may show no change, but if the 
serum has come from a patient infected with the organism, the bac- 
teria will soon begin to clump together, and m the course of a few 
minutes to an hour, practically all of the organisms will be clumped 
with very few, if any, remainmg m the field Motility is lost in motile 
forms The test is a very delicate one, agglutination may be secured 
m dilutions as great as 1 100,000 The higher the dilution at which 
agglutmation occurs, the greater is the specificity of the reaction. 
As has been observed, the dilution must be great enough in every 
case to escape the activity of the normal and the common group 
agglutinins Serum from an ammal that has been immunized against 
a specific organism may be used m the recogmtion of that organism. 
Typhoid serum, in this way, can be used in the detection of the 
typhoid bacillus Such a test also enables one to differentiate be- 
tween closely related forms, such as the varieties of the Salmonella 
group 


The Macroscopic Tube Test. In the macroscopic tube test a 
senes of small test lubes is prepared, each tube contaimng a definite 
amount of a pbysiological-salt-solution-suspension of the organism 
f varying quanUties of serum, makmg diluUons 
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and reacting substances are warm, flocculation will occur immedi- 
ately if the serum is positive. 

Many technical procedures connected with the three tests 
described above have been omitted in this discussion. The student 
should consult manuals of laboratory technic for the details of each 
test. 

HEMAGGLUTiNATiON - iSOANTIBODiES 

Certain bacteria and toxic substances from some plants and 
from a few animals contain substances which agglutinate red blood 
cells. Such agglutinins are termed hemagglutinins. The extract 
from the navy bean is used in the agglutination of red blood cells 
in the clarification of anti hog cholera serum. The red blood cells 
are agglutinated by the exti-act, and when the blood is centrifuged, 
the cells form in a compact mass in the bottom of the centrifuge cup. 
Hemagglutinin, like any antibody, is formed by the injection of the 
red blood cells of one species into another. 

One of the most significant reactions involving agglutination of 
red blood cells is the clumping of the cells of one individual by the 
serum of another individual of the same species. When agglutination 
occurs in the blood stream, it results in the formation of emboli of 
the red blood cells and if they become lodged in capillaries of the 
brain, this may cause fatal cerebral hemorrhage. The antibody re- 
sponsible for this reaction is known as isoantibody, and in this parti- 
cular case is called isohemagglutinin. The phenomenon is of great 
significance in man because the blood of human beings may be 
classified into four main groups, or types. 

The typing of blood prior to blood transfusions is now a matter 
of routine to prevent fatalities due to agglutination of the red blood 
cells of the donor by the agglutinin in the serum of the recipient. 
In man the four blood types are designated, according to the nomen- 
clature of Landsteiner, O, A, B, and AB. It is apparent that an 
agglutinin must be present in the serum of the recipient when the 
blood cells of the donor are agglutinated. Landsteiner has desig- 
nated these agglutinins by Greek letters; hence, the agglutinins 
found in the four groups of individuals are as follows: 

Group O has alpha (a) and beta (P) agglutinins 
Group A has beta (p) agglutiiw 
Group B has alpha (a) agglutinin 
Group AB has no agglutinins. 

It is obvious, therefore, that sera from A and B individuals are 
required for typing. These sera are obtained from commercial lab- 
oratories. A number of methods are used in blood typing, and the 
slide method serves as a good example. A drop of known A and B 
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serum is added to an equal amount of a 5 per cent suspension of the 
blood to be typed The two drops are mixed thoroughly, covered 
with a glass cover slip and are then observed under the microscope 
The reactions to be expected are as follows 

A and B sera do not agglutinate the red blood cells of O individ* 
uals because these mdividuals already possess a and ^ 
agglutinins 

A serum agglutinates the red blood cells of B individuals be- 
cause It contains P agglutinm It will also agglutinate the 
cells of an AB mdividual for the same reason 

B serum agglutmates the red blood cells of A individuals be- 
cause it contains a agglutmm It will also agglutinate the 
red blood cells of AB mdividuals for the same reason 


Smce Group O blood is affected by neither a nor P agglutinin, 
such individuals are referred to as universal donors Although 
cgglutmm may be present m the scrum of the donor which is in- 
compatible for the red corpuscles of the recipient, the factor of 
diluUon makes it ineffective The blood of a Group AB mdividual 
does not contam agglutinin so the persons m that group are referred 
to ^ universal recipients The four blood types are inherited ac- 
cording to the Mendehan formula, consequently, a certain amount 
of value « ^ributed to blood typmg as an aid m establishing 
parenthood The c^tnbution of the blood groups among the various 
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tive father. Such antibody will he transmitted back to the fetus 
through the maternal circulation producing the condition called 
erythroblastosis fetalis. Rh antibodies are also produced by the 
transfusion of Rh positive blood to a person who is normally Rh 
negative. This reaction is considered to be responsible for some 
of the transhision accidents which formerly were difficult to ex- 
plain. The typing of blood is complicated by the antigenic com- 
plexity of Rh factor. 

The function of a similar phenomenon in foals was discovered 
by Bruner, Hull, Edwards, and Doll in 1948, and has been reported 
upon in greater detail by Bruner and associates in 1950 and by Doll 
in 1952 and 1953. These investigators have shown that hemolytic 
icterus in foals is due to the presence of erythrocyte antibody in 
the colostrum of the mare. This antibody is produced by erythro- 
cyte-antigen liberated in utero by the fetus from certain stallions 
possessing a certain type of erythrocyte. Mares bred to stallions 
having the same type blood do not produce antibody. Foals sired 
by stallions whose erythrocytes did not match those of the mare did 
not develop icterus when given colostrum from another mare im- 
mediately after birth. The condition in the foal was corrected by 
removal from its dam and withdrawing 1,500 ml. of antibody-laden 
blood and administering 2,000 ml. of compatible blood. This antigen- 
antibody reaction has nothing in common with the Rh factor other 
than being due to a somewhat similar mechanism. An analogous 
reaction occurs in rabbits and dogs, 

A similar process was found to exist in swine by Bruner, Brown, 
Hull, and Kinkaid in 1949. They demonstrated that anemia and 
death occurred in hahy pigs when the gestating sow was injected 
with erythrocytes of the boar to which she was bred. The condition 
was found in newborn pigs following the feeding of colostrum from 
the sow. In 1953 Buxton and Brooksband, in England, reproduced 
the same condition. They called attention to the probability that 
many cases of icterus found in newly horn pigs are due to maternal 
iso-immunization. 

PRECIPITATION 

Kraus was the first one to observe precipitation in 1897. While 
working with broth filtrates of Pasteurella pcstis and the cholera 
vibrio, he found that upon jnixing the clear filtrates with their re- 
spective immune sera, a cloudy precipitate was formed. He named 
the antibodies responsible for the reaction precipitins. He, further- 
more, found that the reaction was specific, for the immune sera of 
each of the two organisms which he studied did not produce precipi- 
tation in the filtrate of the opposite organism, nor would they pre- 
cipitate the filtrates of other types of bacteria. These observations 
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of Kraus opened the palli for numerous applications of Uic pre- 
cipitin reaction and today it is used in tJie study of any' protein, 
as well as linkages of protein to other materials. 

As was preMously stated the precipitation reaction is similar 
to agglutination tlio only diftcrencc being the size of the antigen 
The antigen which induces the development of precipitin, doubt- 
lessly IS the protem molecule itself The preapitins are quite 
specific but group precipitation takes place when related proteins 
are treated with a 'crum homologous to one of them. The blood 
sera of various ruminants, for example, exhibit group precipitation. 
An antiserum homologous to human scrum will pre'cipilatc the 
serum of anthropoid apes Tlic work of Nuttall has showm quite 
definitely the limits of group precipitation. lie tested 900 kmds of 
blood, usmg m all 30 antisera, and made « total of IG 000 combina 
tions. He showed that, on the whole, the closer Uic relationship 
me greater was the amount of common or gToup precipitation For 
cxi^ple ho dclcmunod that the blood of apes of the old world 
yields a heavier precipitate with human antiserum than does that 
of apes of the new world. Another exception to specificity has been 
found m the protem of the ctystaUme lens, an antiserum for lens 
pre cm of men or Iho ox wiU produce a proo.p.tato m solut.ons 
oontMmg iho Ions protem from other animaU that are not at all 
r ? suggested that cataract of the cj o may 

Ic J ] . ™ ™u.prcc.p,tm for the protem ef the 

lons^d tts consequent partml ooagulat.on or procp.taUon m s.tu. 

In t^" f Ptcctpitahon m analogous to agglutmatton 

the precipitation of protem molecules the size of the anUgen is 
a great deal smaller than m tho « t i. ° 

qucntly, a great deal m“e an^^f ““ f 
ration. In agglutmafon the antigen m sttTdard^ sonsiti- 

Ihc rclaUvc number of cuspendeTp^ cfe ' a m"* 
cerum used varies m ddfereat^uuls T ° 

antigen is diluted, and the diffen-ni w precipitation the 

dilution the amount of antisemm used ” 1^ a''/ 

remains stationary For examole diUcrcnt dilutions 

serum the foZLg diluU^ a ’ b°vme 

1 10 1 100 1 500 1 1000 1 5 000 ,1a serum 

«eh dUution IS added Osli To 0 5 ml of 

The dilution of the agglutuim m tlis °"i rabbit 

to make it more specific, whereas the reacUon tends 

“ *8 precipitation reaction tend^towi'^a ° Precipitinogen 

aPPlSnoL\t:\r several praetioa. 

of precipitation m the differenUatioa 
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of proteins. These are: (1) the recognition of blood stains and 
stains of other body fluids such as semen, and the differentiation of 
meats from different species of animals, such as horse from beef 
and venison from calf; (2) the classification of bacterial strains as is 
done with the streptococci; (3) the diagnosis of bacterial infections 
such as anthrax (Ascoli test) and syphilis (Kahn test); (4) the 
standardization of toxins and antitoxins such as diphtheria and 
tetanus discussed in the last chapter; (5) the diagnosis of parasitic 
infestations, for example, trichinosis; (6) the identification of 
closely related plants. Some of these reactions, particularly the 
differentiation of bacteria and diagnosis of disease, will be discussed 
in the chapters devoted to those organisms. 

Kecoguition of Blood Stains. It is sometimes necessary in 
murder trials to determine with certainty the origin of a blood 
stain. The fact that the stain has been produced by blood may be 
easily demonstrated by a chemist, but he has no ready means of 
telling with certainty whether the blood is of animal or human 
origin. XJhlenhuth was the first to call attention to the value of the 
precipitation test in legal medicine. The test, when properly carried 
out, enables the determination to be made with a high degree of 
certainty. An antiserum specific for human blood first must be 
secured by injections of human serum into a rabbit, at intervals of 
a few days, for a period of two weeks. A piece of the material with 
the blood stain on it is placed in a watch-glass and 5 ml. of sterile 
physiological salt solution is added. This is allowed to stand until 
the blood proteins have been dissolved. If any dirt or sediment 
appears in the solution, it is removed by filtration. An effort is 
made to secure a dilution of the suspected blood serum of about 
1:1,000. The diluted serum is placed in a series of test tubes and the 
specific antiserum is added. If the blood stain is human blood, a 
precipitate will be apparent in the course of a few minutes. The 
reliability of the test has been recognized by many courts, and the 
results have been accepted as evidence. By varying the procedure, 
the same method may be used in differentiating animal blood 
proteins. 

Differentiation of Meats. Meat inspection, particularly in certain 
European countries, includes the differentiation of meats. In some 
localities large quantities of horse flesh are used for food, but the 
law forbids the sale of horse flesh as beef. There are certain chemi- 
cal differences between the two, differences in the composition of 
the fat and in the abundance of glycogen, but these differences re- 
quire chemical analysis and examination for their recognition. The 
precipitation test furnishes an easier and more reliable method for 
differentiation; furthermore, the testing may be extended to an 
examination of mixed meats, such as sausages, and the various 
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kinds of meats present are determined Specific antisera are pre- 
pared for each type of meat which is to be recognized by mm pTng 
the meat and soakmg it m physiological salt solution This extract 
IS then used in the immunization of a rabbit by repeated injections 
during several weeks The flesh to be tested is likewise extracted 
with physiological salt solution the solution is filtered and tested 
with the various specific antisera A prominent precipitate is given 
with Its homologous antiserum, and the differentiation is made 

In many cases the meat which is suspected of adulteration is 
cooked or smoked these processes change the nature of the pre- 
cipitinogen In such cases it n necessary to use as the antigen, 

Strarf? O'- ‘-““c 

xtracts which have been heated to about TO^C The precipitms 

prc^ihi"’ “hgens are called cocto 
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The production of lytic antibodies for various types of cells 
has been investigated, for example, the destruction of cancer cells 
of rats and mice by the action of a specific lytic antiserum has been 
shown by Lumsden The function of blood platelets in controlling 
hemorrhage has been demonstrated by Ledmgham and Bedson by 
the production of experimental hemorrhagic purpura by the in- 
jection of a blood platelet antiserum 

Antibody m Complement Fixation The complement fixation 
test which may be used for the diagnosis of a disease requires two 
antibodies One of these antibodies may be called the bacterial anti- 
body if the disease to be diagnosed is a bacterial disease It could 
be termed the “diagnostic” antibody It is the antibody sought for 
in the test and its presence would determine the cause of the disease 
m question The other antibody used m complement fixation is hemo- 
lysm This is produced artificially by the injection of the cry Ihrocytes 
of one animal, sheep, mto another animal, rabbit After a senes of 
injections hemolytic antibody, hemolysin, for sheep erythrocytes 
IS present m the serum of the rabbit. 


That both antibodies are sensitizmg antibodies can be shosvn by 
the fact that the bacterial antibody will agglutmale its homologous 
antigen, if it is particulate enough, or will cause precipitation, if 
it IS a protein suspension The hemolytic antibody will agglutinate 
a suspension of sheep erythrocytes The union of antibody with anU- 
gen in complement fixation is the same as in other antigen-antibody 
reacUons Both the bacterial antibody and hemolytic antibody show 
Ae properties ascribed to antibody in general, but m complement 
fixation, complement is fixed by the antigen antibody complex One 
characteristic of antibody which is significant m complement fiixation 
IS its thermostable nature It is not destroyed by 56®C Furthermore, 
It IS not mjured by contact with a preservative, such as 0 5 per cent 
altered by standmg in the refrigerator for a con- 
siderable period of time 


Nature aad Action of Complement. The perishable nature of 
complement has prevented, until recent years, significant eontrl- 
concen, “"f '''cmieal composition Since the origmal 

c3e?pd T 'T”" Buchner, complement has been 

catalyst a ” ^ ^ ^pase, a protease, a peptidase, an intracellular 
tads scans d “<1 => combination of 

to be Ota a' n T “toplement has been considered 

cntaph^sictSc"" 

comS^J^tSeT"^ properties and chemical agents which affect 

protems arP' ... j , . mmutes, although most serum 

stable within the ^ temperature Complement is most 

within the pH ranges of 6 0 to 6 5. conseqnenUy. strong con- 
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centratioiis of acids and alkalies are detrimental to it. Other agents, 
such as chloroform, ether, alcohols, soaps, and certain alkaloids are 
destructive. Complement is inactivated in a few hours if allowed to 
stand at room temperature and will disappear in three or four days 
when kept at refrigeration temperatures. Filtration of serum 
through a Berkefeld filter removes complement- Other materials 
such as kaolin, shellac, cholesterol, and casein adsorb complement. 

Reviews of complement by Pillemer and by Heidelberger re- 
veal that complement is an integral chemical part of serum and that 
it has numerous functions. Complement is now known to consist of 
four components. Dialysis of fresh serum against distilled water or 
treatment with carbon dioxide water or dilute hydrochloric acid 
will separate complement into two thermolabile fractions. The 
water-insoluble, carbon-dioxide-msoluble, acid-insoluble compon- 
ent, commonly called “mid-piece,” is now called C'l. The water- 
soluble, carbon-dioxide-soluble component, commonly called “end- 
piece,” is referred to as 02. Following the above discoveries, subse- 
quent studies of complement revealed that it could be inactivated 
by treatment with washed yeast cells, hence a third component 
labeled C'3 was discovered. It was then shown that the exposure of 
complement to ammonia rendered it inactive, so the fourth com- 
ponent C'4 was revealed. The heating of complement to 56°C. des- 
troys C'l and C'2 but does not alter the heat-stable components 
C'3 and C'4. Other detailed chemical properties of these components 
have been discovered which may be found in the reviews mentioned 
above. 

The origin of complement in the body has been a subject of 
considerable investigation. Early workers, such as Buchner, believed 
that it was produced by leucocytes. Metchnikoff was of the opinion 
that complement was present in blood serum only after leucocyte 
injury. Extracts of leucocytes, however, have never yielded com- 
plement, so it is now believed that the substance does not originate 
in those cells. Since complement is a mixture of globulins and a 
mucoprotein it is presumed that it arises from the same source as 
globulin. This is conceded to be the cells of the reticulo-endothelial 
system and the lymphocytes. 

It is significant that the various components of complement 
are not all found in the serums of all animals. Normal guinea pig 
serum contains a greater concentration of all components than other 
serums. This accounts for the universal choice of guinea pig serum 
as a source of complement. Cow, horse, sheep, and squirrel serums 
do not hemolyze sheep erythrocytes because of the absence of C'2 
component. These serums consist almost entirely of C'l component. 

The outstanding property of complement is its ability to cause 
the lysis of sensitized bacterial cells, particularly the Gram-negative 
tjpes. The ability of complement to cause the hemolysis of erythro- 
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cytes IS fundamental in the complement fixation lest It combines 
with numerous antigen antibody complexes to which it becomes 
fixed This substance stimulates the activity of the leucocytes 
thereby aiding the animal m the destruction of invading bacteria 
It aids immune serum in the destruction of certain viruses It ap- 
parently has a role in tissue sensitiration It is considered to play 


a part m the neutralization of toxin tn nuo subsequent to toxm- 
antitoxin umon Complement appears to influence the sedimentation 
rate of erythrocytes 

The Fixation of Complement The fixation of complement to 
antigen antibody has not been satisfactorily explained It cannot be 
attached until antigen umtes with antibody The conception of 
Ehrhch that antibody acted as a “between-body” for antigen and 
complement has been discarded Likewise, the explanations of Bor- 
det are not tenable in light of present knowledge about complement. 

Heidelberger has studied the combming action of the various 


components of complement on red blood cells and hemolysin When 
the hemolysin combines with the rod blood cell, the surface patterns 
of the anti serum molecules or the anti serum, red blood cell aggre- 
gate changes and different groups are m contact with the comple- 
ment components C'4 combmes first or simultaneously with C'l to 
the red blood cell aggregates The fixation of C'4 is accompanied by 
the fixation of C 2 The absorption of those components m this order 
renders the red blood cell susceptible to the action of unattached C'3 
and hemolysis results C'3 is not taken up by the fixed complex and is 
not used up in the process of hemolysis, mdicatmg that it has enzy- 
matic properties It has been rather dearly demonstrated that ery- 
throcytes are not entirely coated with hemolysm and then with 
comp ement e union of hemolysin with erythrocyte apparently 
occurs m certain places on the ceU and it is on such sensitized areas 
that complement becomes fixed produemg the effect which is 
recognized as hemolysis 


different components ol complement are variable in 

ml on SeTnr ^ "■'"‘■■’"'-I “hove This would have a bear- 

o£ d^se* othefr"! lest in the diagnosis 

tion test as°,*d ‘ ^ ''aluc ot the complement fixa 
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by particles large enough to cause opalescence but not visible to 
the eye. Complement is fixed to antigen-antibody mixtures rapidly 
at first but becomes slower as the particles become larger. Most 
complete fixation occurs when antigen-antibody and complement 
are mixed simultaneously. 

Early investigators found that definite proportions of antigen- 
antibody and complement combined. This discovery was and still is 
a fundamental factor in complement fixation. The amount of each re- 
acting substance is not necessarily equal. It has been shown that com- 
plement and hemolysin can supplement each other in hemolysis. 
Within certain limits, hemolysis will result if hemolysin is decreased 
and complement increased, or if complement is decreased and hemo- 
lysin increased. In general, the amount of hemolysin and comple- 
ment are carefully determined by titration previous to their use in 
any diagnostic procedure. The reason for this will be made apparent 
in the discussion which follows. 

Applications of Complement Fixation. Complement fixation 
has been used to the greatest extent for the diagnosis of disease. At 
one time this reaction was the only test used for the diagnosis of 
brucellosis. It was replaced by the agglutination test which is now 
used. The diagnosis of glanders was considered at one time to be 
most reliably made by complement fixation, but it has been largely 
replaced by the mallein test and allergic skin test. At present the 
complement-fixation test is not used as a routine diagnostic pro- 
cedure for many of the animal diseases. 

The complement-fixation reaction is used as a research tool in 
immunology. Many antigen-antibody combinations can be proven 
only by complement fixation. The reaction has had increased use for 
this purpose in recent years, 

A great deal of the understanding of complement fixation has 
been made possible by the value of the Wassermann test in the 
diagnosis of syphilis. This test is still used in public health labora- 
tories for the diagnosis of this disease. 

Description of tlie Complement-Fixation Test. The understand- 
ing of complement fixation wiU be more complete if the fundamen- 
tals of a diagnostic test are given. Brucellosis is chosen as the disease 
to be diagnosed because most everyone is familiar with it and 
experimentally all of the essential ingredients needed for the test 
are available in most laboratories, 

A. Reacting Agents Required. 

1. Dilute suspension of Brucella abortus, the bacteriolytic anti- 
gen. 

2. The serum of the cow suspected of being infected with bru- 
cellosis. The normal complement in this serum is inactivated 
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by exposure to 56®C for one half hour The bacterial anti- 
body sensitizer may or may not be present in this serum- 
The objective of the test is to detect its presence 

3 Pooled serum from a number of normal gumea pigs This is 
the complement The potency of complement is determmed 
by prelimmary titration. 

4 A 2 per cent suspension of sheep erythrocytes These cells 
have been washed m physiological sahne so as to be free of 
normal complement This is the hemolytic antigen 

5 Serum from a rabbit which has been given a senes of m- 
jections of sheep erythrocytes This is the hemolytic antibody, 
hemolysin The potency of hemolysm is determmed by pre- 
liminary titration. 

6 Physiological, 0 85 per cent sodium chlonde solution 
B Titration of Hemolysm 

The potency of hemolysm vanes with the mdividual and with 
the number of mjections of sheep erythrocytes which the rabbit has 
received A satisfactory hemolysm is produced by five injections of 
5 ml of a 10 per cent suspension of sheep cells four days apart The 
rabbit is then bled and the serum collected and preserved by 
an equal part of neutral glycenn A 1 100 slock dilution is prepared 
as follows 

Sahne solution 94 0 ml 

Glycennized hemolysin (50 per cent) 2 0 ml 

Phenol (5 per cent m phy saline) 4 0 mb 


For UtraUon, a senes of 10 higher dUuUons are then prepared 


No 

No 

No 

No 

No 


oi ml ii + 0^ nJ saline solulioa = 1 2000 

oi ^ k™ it i + 1 0 mL salme solution = 1 3 000 

ni SS" j'™' <; 1 000) + ml sahne soluuon = 1 4 000 

oi S tf”” I’ll" <! ‘SS* + 20 ml sahne soluhon = 1 5000 

ho 7 05 S hemolySi <1 loOO) t oj ^ ® SSS 

1.0 10 ohmhhsirssaissusisi ssisiis-sjur 

with complement above dilubonS 

iogredienls arc given in Table ILl cells. The amounts of each of these 
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TABLE 11 1 


Titration of Hemolysin 


Tube 1 

Number | 

Hemolysm 

0 5 ml 

Complement 
, ml (ISOdil) 

Sheep H B C 
ml (2% SUSP ) 

Salme Solution 
ml 

1 

1 1 000 1 

03 

05 

17 

2 

1 2 000 1 

03 

05 

17 

3 

1 3 000 

03 

05 

17 

4 

1 4 000 

03 

05 

17 

5 

1 5000 

03 

05 

17 

6 

1 6000 

03 

05 

17 

7 

1 8 000 

03 

05 

17 

8 

1 10,000 

03 

05 

17 

9 

1 12 000 

03 

05 

17 

10 

1 16000 

03 

05 

17 


C Titration of Complement 

In the titration of complement varymg amounts of the 1 30 
dilution are set up in a series of test tubes Two units of the pre- 
viously titrated hemolysm are used Inasmuch as this amount varies, 
the volume of fluid m each tube is regulated by adding the amount 
of salme which brings the volume to 3 ml The various amounts are 
given in Table 11 2 


TABLE 


Titration of Complement 


Tube 

Number 

Complement 
ml (130 dll) 

Hemolysm 

2 umts 

Sheep R B C 
ml (2% SUSP ) 

Salme Solution 
qs 3 ml 



(units) 



1 

01 

2 

05 


2 

0:i5 

2 

05 


3 

02 

2 

05 


4 

0.25 

2 

05 


5 

0.3 

2 

05 


6 

0 35 

2 

05 


7 

04 

2 

05 


8 

0 45 

2 

05 


9 

05 

None 

05 


10 

None 

2 

05 



The complement unit is the highest dilution which shows com- 
plete hemolysis 

The Complement Fixation Test 

The titration of hemolysm and complement has emphasized 
that when defimte amounts of these substances are mixed with a 
suspension of sheep erythrocytes, hemolysis will result Hemolysis 
Will not result if complement is not present. It is clear, therefore, 
that a controlled and standardized hemolytic system can be used 
^ an indicator of complement flxation This is its function m a 
complement-fixation test for the diagnosis of disease 
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It has been stated repeatedly that complement is fixed by most 
antigen-antibody combinations In the example, brucellosis, comple- 
ment would be fixed if the serum of the cow suspected of having 
brucellosis is mixed with a suspension of the causal organism, 
Brucella abortus, m the presence of complement It is equally obvi- 
ous that if the suspect serum is from a noninfected animal, there will 


TABLE U3 

The Complement-Fixation Test 


Tube 

Hr 

abortus ! 
antigen 

suspect s 

Comple 

ment 

1 30 

Sheep 

RBC 



Results 

1 

(ml ) 

0.2 

(ml ) 
01 

2 

(ml) 

05 

2 

qs 

3 ml 

No hemolysis if 
animal infected 

2 


01 

2 

05 

2 

qs 

3ml 

Hemolysis, 
serum control 

3 

04 

02 

2 

05 

2 

qs 

3 ml 

No hemolysis if 
animal infected 

4 


02 

2 

05 

2 

qs 

3m] 

Hemolysis, 
serum control 

5 

02 


2 

05 

2 

qs 

3ml 

Hemolysis, 
ant gen control 


04 


2 

05 

; 2 

qs 

3 ml 

Hemolysis, 
antigen control 

’ 



2 I 

05 

2 

q-s 

3ml 

Hemolysis, 
hemolytic sys> 
tern control 




2 

05 


qs 

3 ml 

No hemolysis, 

complement 

control 

10 




05 

05 

2 



qs 

3inl 

q-s 

3ml 

No hemolysis, 
hemolysm con- 
trol 

No hemolysis, 
saline soL 
control 


plement°S?not “tortus present, hence, fixation of com- 

bactoynTtaTe'''^^'*'’" “ “ombmation of two systems, 

stancT^ye^UierB ’.'a* tbo deviajg snb- 

bacteriJrUBen JSnea i "“‘"I 

IS followed by a’per,^ “omplement are mixed This 

fbtation of complement ./ IXodu'L B?’' 

serum. Tht^ le r/,ii j , w present m the 

sjslcm, sheep R,BC anH addition of the hemolytic 

the test IS read If h^olysm. After a period of mcubation 

the complement has been fixed by the bacterial 
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system — in other words, if the test is positive — the erythrocytes 
will not he hemolized. If the complement has not been fixed in the 
bacterial system, the erythrocytes will be hemolized in all the tubes 
where the hemolytic agents are present. It is now apparent why it 
is essential to titrate the sheep-cell hemolysin and the complement. 
In conducting routine diagnostic complement-fixation tests it is not 
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FIG. 1 1.1 — Diagrammatic scheme of the complement-fixation reoction. 


necessary to use as many controls as given in Table 11.3; they are 
inserted in this example to emphasize the need of controlling a 
mechanism as sensitive as the hemolysis of such delicate cells. Fig- 
ure 11.1 illustrates the reaction in a diagrammatic way. 

Applications of Hemolysis. In 1898 Bordet reported the specific 
antigenic natures of the erythrocytes of the different species of 
animals. Ferguson, in 1941, demonstrated that a specific hemolysin 
was produced in rabbits by the injection of bovine erythrocytes. 
Furthermore, erythrocytes from various genetically different 
bovines produced specific antibody in the rabbit. Upon pursuing 
this procedure, Ferguson, Stormont, and Irwin detected thirty anti- 
gens in the erythrocytes of cattle by transfusing the blood from one 
individual to another or by immunizing rabbits with bovine cells. 
Subsequently Owen, Stormont, and Irwin noted the frequency of 
the various antigens in various dairy breeds. They found the test 
reliable enough to be xised in determining the parentage of an un- 
known individual calf. 

The Phenomenon of Congluliuation. Ehrlich and Sachs observed 
that the addition of fresh, unheated horse serum to a suspension of 
rod blood cells of the guinea pig produced slight hemolysis. They 
further observed that the addition of heated cow serum to a sus- 
pension of the red corpuscles caused no hemolysis. The addition of 
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both heated cow serum and fresh horse serum produced an active 
hemolysis 

In checkmg the above experiments Bordet and Gay observed 
that the mactivated cow serum had but shght agglutinatmg power 
for the corpuscles of the gumea pig, and that fresh horse serum 
hkewise agglutmated them slowly and slightly, whereas a mixture 
of the two sera caused rapid and complete agglutmation The cow 
serum mcreased the hemolysm and agglutmm of the horse serum, 
Bordet and Gay, therefore, concluded that this property was due 
to a thermostabile substance peculiar to the ox serum This they 
called conglutinin, and classed it with the colloids Their expla- 
nation IS that gumea pig corpuscles are affected by sensitizers in a 
combmation of both the horse and cow serum and are then able to 


fix the complement of the horse serum The complement possesses 
but shght hemolytic power, but when the corpuscles have become 
sensitized and laden with the complement, their properties of mole- 
cular affinity are modified to the extent that they become capable 
of attractmg the conglutinin of the cow serum which combmes with 
them The result is twofold Agglutination occurs, and the corpuscles 
are more readily destroyed by complement 


Pfeiler, Strenge, and others have made use of the conglutina- 
tion test for the diagnosis of dourme, glanders, syphilis, and various 
other diseases The technic for the glanders conglutmation test is 
much the same as that for complement fixation A definite quantity, 
established by previous titration, of normal unheated horse serum 
IS added to a tube contammg mactivated blood serum of the horse 
suspected of having glanders, and an extract of the glanders bacillus, 
previously titrated This mixture is mcubated 1 hour at 37°C The 
mactivated cow serum, also previously titrated, and a suspension of 
w^hed red blood cells of the sheep or some other animal, are then 
added A second mcubation for 1 or 2 hours is then made 

If the serum which is bemg tested is from an animal infected 
wth glanders, the red blood cells settle to the bottom, leavmg the 
m c ear, e serum is from a noninfected animal the corpuscles 
gath« m dump, at fast, and later they sb„ly hemulyze 

The conglutmation test is appbcable m asses and mules which 
substances in their blood serum, further- 
Zse £r more easdy obtained than are 

fabcate faeTtf considered even more 

fal titrabon f (g ement flxabon test and requires more care- 
^e of accum has a greater de- 

agglutmation which it was positive where both 

posteiortemventierfaf:";,'™ -- 
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This reaction is somewhat of a laboratory curiosity at this time 
and is not used in disease diagnosis It should be of value, however, 
in studymg antigen-antibody relationships and for that reason de- 
serves moie thorough study m light of modern concepts 
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Phagocytosis is the process by which foreign particles includ 
mg bacteria are mgesled by leucocytes and by certain endothelial 
cells of the body In many respects the phenomenon is similar to 
the mgestion of food particles by single celled animals, such as the 
amoeba Phagocytosis is a normal function of body cells but is 
defimtely stimulated by the invasion of pathogenic bacteria 

The discovery of phagocytosis is credited to Eli Motchnikoff 
In his study of the origin of the intestine and the process of 
intracellular digestion Metchmkoff observed that mobile cells of 
the mesoderm accumulated about grains of carmme introduced 
mto the body of the jellyfish He then demonstrated that when 
sharp thorns were introduced under the skin of starfish larvae 
mobile cells clustered about the thorns From these facts Metchni 
koff concluded that inflammation is a reaction of mcsodermic cells 
against an invading agent and the function of leucocytes is a 
protective and curative one The term phagociytes meaning devour 
mg cells was coined for these cells The real funcUon of pha 
gocytes m the disease process was shown by Motchnikoff by his 
work with small transparent crustaceans the daphniac which he 
found to be mfected with a fungus producing sharp needle Uke 
spores These spores penetrated the mtestmal wall and ucre at 
tacked by the mobile phagocytes which digested them Cairying 
his researches mto the field of the diseases of larger animals he 
demo^trated that virulent anthrax bacilli were not phagocytyzed 
but attenuated anthrax bacilli were readily engulfed and further 
\r ff agocytosis was apparent m immune animals Metchni 

tW ^ due entirely to phagocytosis and 

was rai^ ^ v! ^ to engulf invading microorganisms 

^ ^ ^ ortraming of the phagocytes durmg 

m IsT process He published his first work on the theory 

wan“™g'tu! tS* ft *6 

mg cells and the fixed cells He called the polymorpho 
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nuclear leucocytes microphageSj and the mononuclear leucocytes, 
macrophages; all of which were classed as wandering cells. These 
cells were the most active phagocytes, and Melchnikoff assigned dif- 
ferent functions in disease to them. The fixed phagocytes, he con- 
cluded, were prevalent in the lymph nodes and spleen and are the 
cells which are now recognized as part of the reticulo-endothelial 
system. 

The rise of the alexin, or humoral, theory of Buchner and its 
subsequent development by Pfeiifer, Bordet, Ehrlich, and others 
caused Metchnikoff a great deal of concern. He fitted the phagocytic 
theory into the humoral theory, howevei, by showing, to his 
satisfaction, that alexin was liberated only after the leucocytes were 
damaged by the inflammatory process. He called the liberated 
material cytase. His concepUon of the relationship of the two 
phenomena has been proven erroneous, but his theory of phagocy- 
tosis was not severely shaken and at present is accepted as the most 
fundamental process in immunity. 

The Antibody in Pliagocytojsis, Opsonin. The phagocytosis of 
virulent bacteria is due to the action of the antibody, opsonin, which 
sensitizes the bacteria so that they are approached and engulfed by 
phagocytic cells. Denys and Leclcf, in 1895, were the first to show 
that the antibodies in immune serum affected the microorganism 
and made it more easily phagocytized. This was contrary to the 
belief of Metchnikoff and his pupils who had believed that immune 
scrum stimulated the leucocytes to greater activity. 

Wright and Douglas, in 1904, showed that a substance in 
immune serum increased the number of bacteria which were 
phagocytized by leucocytes. They also demonstrated that this 
substance acted upon the microorganisms and not upon the 
phagocytes. Because this action prepared bacteria as food for the 
phagocytes, they named the antibody opsonin, meaning to prepare 
food. 

The role of opsonin in the phagocytic process is demonstrated 
by the following procedure: The blood from a suitable animal is 
drawn into physiological salt solution, defibrinated, and centri- 
fuged. The cells are thrown to the bottom, and the leucocytes form 
in a layer between the red cells and the plasma. The leucocytes are 
removed, washed, and are again centrifuged until free of blood 
serum and erythrocytes. The leucocytes are mixed with a dilute 
suspension of bacteria, and the mixture is incubated for 15 
minutes. A smear is made of the mixture and is stained by a suit- 
able dye. When the smear is viewed under the microscope, it is 
observed that the bacteria are not engulfed by the leucocytes. A 
similar preparation is made with the addition of an homologous 
immune scrum. In this smear a large number of bacteria arc four'^ 
within the leucocytes. 
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Phagocytosis, as has been stated, is a nonnal function m the 
body and is a process by which most of the saprophytic and rcla- 
Uvely avirulcnt bacteria are destroyed In fact, the virulence of 
microorganisms is duo, in part at least, to their ability to reocl 
phagocytes Normal serum stimulates Uie phagocytic process, con- 
sequently, there has been considerable speculation concerning tlie 
difference between tho function of normal scrum, as represented 
presumably by normal opsonin, and immune opsonin Wliclher the 
normal and the immune opsonms arc identical has been a contro- 
versial subject for many years Normal opsonin is smnlar to compo- 
nents C'l or C'2 of the scrum complement for it is thermolabile, that 
IS, 58° to 60°C destroys it. The immune or specific opsonin, on the 
other hand, is relatively thermostable It is generally admitted that 
normal opsonin is not identical with complement, however, it is 
known that the presence of complement, or a thermolabile substance 
similar to complement, does augment tho action of immune opsonin 
This substance also has been shown to increase the action of immune 
opsonin in sensitizmg cells for phagocytosis Tlie substance appar- 
ently cannot sensitize cells alone, and its action has been described 
as that of a catalyst which hastens the union of opsonin vv ith bacteria, 
thereby promoting phagocytosis Tho specificity and action of 
opsonm seems to be an extension of the properties of normal serum 
not ering from other types of antibody relationships and support- 
ing still more the unitanan conception of antibodies 

The Opsomc Index. The opsonic index is the ratio of tlio sensi- 
tizmg power of the serum of an infected animal as compared with 
that of a healthy individual The ratio between the two sera is 
y t e relative effect they have on phagocytic action 
always necessary, it is customary to use 
IS as follows ^ animal under investigation The technic 

Leucocytes are secured by collect- 
centnfuemff^it^ solution, and defibrinating and 

this wofk V, sodium citrate is contraindicated m 

Si fhe semm ^ repeatedly in salt solution until 

SiScvtesT . corpuscles, rich m 

Leucocytes can u placed in a small test tube 

mental animale: ^ctedm large quantities from small experi 

of peptone or aleuroim^ ^ mtraperitoneal mjection 

m the concentration of leucocytes 

in a perfectly Emulsion The organisms are prepared 

used, thi m3 "r" ^ 

ne growth is washed off with sterile physiological salt 
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solution, and is then shaken and diluted to a faint opalescence. 
Filtration may be necessary in order to remove unbroken clumps. 

Preparatiou of Serum. Normal serum and serum from the 
animal to be tested are secured by bleeding, allowing the blood to 
clot, centrifuging and taking off the serum with a pipette, and 
transferring it to a small test tube. Before they are ready for use, 
both of the sera are diluted 1:10. 

Technic of the Test A capillary pipette is prepared from glass 
tubing, and a mark is made about 2 cm. from the end. The 
suspension of leucocytes is then drawn up to the mark, an air 
bubble is similarly drawn, and then the serum to be tested is drawn 
to the same mark, followed by a second air bubble, and finally an 
equal amount of the bacterial suspension. The contents are blown 
out on a watch glass and thoroughly mixed by drawing up and down 
in the pipette a few times. The mixture is then drawn into the 
capillary pipette, the end of which is sealed in the flame. It is then 
placed in an opsonic incubator at 37°C. for 15 minutes, where it is 
rotated frequently to assure thorough mixing during the incubating 
period. The procedure is repeated with the use of the normal 
serum. At the completion of incubation, the end of the pipette is 
broken, and smears are made of the contents which are stained with 
Wright’s stain. 

Computation of the Opsonic Index. The total number of bac- 
teria ingested by 100 polymorphonuclear leucocytes is tabulated, 
and the average number per leucocyte calculated. This is termed 
the phagocytic index. This number is determined for normal serum 
and the serum to be tested. The opsonic index is now more exactly 
defined as the ratio between the phagocytic index of the test serum 
and the phagocytic index of the normal serum. 

Phagocytic Cells. The division of phagocytic cells into two 
groups, motile and fixed, which was made by Metchnikoff, has been 
found to be entirely valid as has his division of the wandering 
leucocytes into microphages and macrophages. The cellular ele- 
ments of the blood have been extensively investigated since the 
original work of Metchnikoff, and the origin of the cells has been a 
subject of great interest. While the origin of the majority of them, 
their relationships with one another, and their function in the 
animal body have been generally agreed upon, there still are some 
phases of the subject open to investigation. 

'Hie microphages of Metchnikoff embrace the polymorpho- 
nuclear leucocytes or neutrophiles, the eosinophiles, and basophiles. 
These cells have their origin from the myeloblasts in bone marrow. 
The neutrophiles comprise 72 to 75 per cent of the white blood cells 
and to them has been ascribed the most important task of phagocy- 
tosis. The eosinophiles do not appear to have a great deal of phago- 
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cytic \alue although they have been shov^Ti to have some ability to 
engulf bactena These cells become more numerous m certam bac- 
terial infections, m animal parasite infestations, and in foreign body 
mvasion, however, their exact function m such disturbances is not 
well known The basophiles apparently are not phagocytic, in the 
true sense of the terra although bactena have been observed in 
their cytoplasm 

The macrophages of MctchmkofI, which mclude the mono- 


nuclear leucocytes, the fixed tissue cells, and the wandering tissue 
cells have been of mcrcasing interest m immunity Reference has 
been made to these cells m the discussion of the origin of antibody 
in Chapter 7, where it was emphasized that they have an 
important role in the production of antibody Their dual purpose 
makes them even more mterestmg These cells have been termed 
by Aschoff, ‘ The Reticulo-endothehal System ” They mclude the 
reticular cells of the splenic pulp and of cortical nodules, and the 
pulp cords m the lymph nodes, the endothelial cells of the sinuses 


of the lymph nodes, the blood smuscs of the spleen, the liver 
sinusoids, the capillaries of the bone marrow, adrenals, and 
hypophysis, the histiocytes, or the clasmatocylcs, of Hanvicr, the 
splenic pulp cells, and the septal cells of the lung 

The Phagocytic Process The act of phagocytosis is divided into 
three distinct parts the approach of the phagocyte to the particle, 
or ceU, to be phagocytized. the ingestion of the particle, or cell, and 
the dismtegration, or digestion, withm the phagocyte 

The Approach Phagocytes are drawn to foreign particles 
mcludmg bacteria which are present m the body tissues, by the 
force known as positive chemotoxis In this particular phenomenon 
this force is thought to be a result of surface tension effects The 
^ace tension on the side of the phagocyte nearest the bacteria is 
lowered, and as a consequence, the phagocyte migrates toward the 
particle and engulfs it That the attraction of leucocytes to bacteria 
“ ^siuve chemotaxis, has been repeatedly 
as that f t ^ respects, the same phenomenon 

o£ mgesuon of food parUdoa by amoeba and other protozoa 

“ doubtle^ a funcUon of noimal phagoeytosj, that 

the^Ubodv°nLT r “‘'’"“‘•“I of an addiUonaT^ount of 
me antioody material opsonin, 

IS their abihtv of pathogenic bacteria 

neit„^ T P*“E°oytos.a m fact, they exert such a 
repelled. This nr o'notaxis that the phagocytes are actually 

neutratahoLnt. substance of the organism The 

of this material is considered the funcUon of opsonm 
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thereby permitting the phagocytosis of the anthrax baciUi during 
the process of immunization This material, which is present within 
the capsules of capsulated bacteria and is no doubt a part of the 
ectoplasm of noncapsulated bacteria, has been termed ‘‘aggresstn” 
by Bail Its function as an antigen which is used m the stimulation 
of antibody, or antiaggressin, was discussed m the chapter relatmg to 
antigens and antibodies The neutrahzation of the negative chemo- 
tactic force of pathogenic bacteria by opsonin is referred to as a 
sensitization process There is no reason why this procedure should 
be considered different from the sensitization of bacteria to the 
action of an electrolyte or complement, and if the Unitarian view of 
antibody is accepted, one realizes that the procedure is the same, 
that IS, the denaturization, or “coatmg over,” of bacterial protoplasm 
by globulm 

The approach of phagocytes toward hactena is usually charac- 
terized, at least m the case of less pathogenic species, by a mass 
movement of phagocytes toward the mvader Because of their great 
number and definite mobility, the polymorphonuclear leucocytes 
predominate in this movement They possess a greater amount of 
cytoplasm than other leucocytes and may pass between (diapedesis) 
the endothelial cells of capillaries and lymph vessels toward the 
positive chemotactic influence This influence can become general- 
ized throughout the body in a relatively short time and may cause 
a condition called leucocytosis, which is characterized by a marked 
mcrease m the number of leucocytes in the blood stream This 
phenomenon is observed in many pyogemc infections as well as 
other mflammatory reactions and is used as a factor m the diagnosis 
of disease, an example of which is appendicitis in man 

The Ingestion The second phase of the act of phagocytosis, the 
ingestion of the bacteria, is the contmuation of the first phase As 
the phagocyte comes m contact with the bacteria, it flows around 
them and incorporates them withm its cytoplasm This process is 
a simple one for the mobile phagocytes The fixed phagocytes, 
however, are held m place by tfieir contact with adjacent cells In 
this instance the bacteria must be brought to them, this is done by 
the blood and lymph streams, and considerable phagocytosis occurs 
at pomts where the flow of these streams is slow and m tissues 
where it becomes static The act of mgestion does not mean destruc- 
tion In many instances the mgested material is not destroyed by the 
phagocyte The best example of this is in tuberculosis Tubercle 
bacilli are readily engulfed by leucocytes as they wander about m 
glandular crypts of the mucous membrane and in lymph vessels 
In many cases this “accidental jAagocytosis” of tubercle bacilh is 
harmful to the animal The polymorphonuclear leucocytes do not 
appear to have the ability to digest tubercle bacilli, hence, they 
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carry such organisnrs to the deeper tissues, the regional lymph 
nodes or in many cases into the blood stream, and on to the lungs 
This forms a focus of the infection because the tubercle bacilli are 
able to multiply withm the leucoqrte and ultimately destroy it, 
consequently, m tuberculosis, it is necessary for other cells, such 
as the mononuclear leucocytes, to mtervene and to defend the body 
against the assisted mvasion The act of mgestion is responsible for 
the concentration of bacteria m certam tissues where body defenses, 
such as the action of various tjqpes of phagocytes, encapsulation of 
the process and m many cases calcification, nd the body of the 
invadmg organisms 

The mgestion of bacteria by leucocytes results m the death of 
many of the leucocytes A substance known as Icucocidtn is pro 
duced by many species of bacteria, notably the staphylococci and 
streptococci It is by virtue of this substance, m addition to the 
action of aggressm noted previously, that these bacteria are consid 
ered to be virulent Leucocidm is usually a toxin like substance 
produced by bacteria It is produced in broth cultures, and its 
effect upon leucocytes is demonstrated by the action of the filtrate 
It IS able to resist 56®C and has been shown to be an antigen, in that 
its injection produces antileucocidm 

The Digestion Metchmkoff assumed that the destruction of 
bacteria was brought about by phagocytes and was due to two 
substances formed by them The microphages produced mierocj/tase 
which he considered identical with complement, or alexin, and 
which was active m the normal destruction of bacteria The macro- 
phages produced macrocytase which was active in the destruction 
of dead tissue and other debns In the assumption that phagocytes 
are able to produce a substance which has a disintegrating action 
upon bacteria Metchmkoff was right His division of the function 
of the phagocytes was wrong as, also, was his contention that the 
substance was similar to complement One of the most substantial 
proofs for the distinction between ‘cy tase” and complement is the fact 
that the latter is thermolabile (56«C ) and the former is heat re 
sistant 


The nature of the bactericidal substance present m phagocytes 
IS not entirely known It does not seem to be identical with various 
^zymes produced by leucocytes such as leucoprotease which can 
t ^ precipitation and still show proteolytic activity 
without bactericidal property The proteolytic enzymes of the 
^limo^hotmdear cells act m a weakly alkaline medium whje 
of the mononuclear cells are more effective m a weakly acid 
medium Ljpase is produced by cells ot the macrophage group This 
^clearly demonstrated in tuberculosis and leprosy, where it has 
n shown that the hpoid consUtuents ot the bacdli are removed by 
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mononuclear cells, whereas this is not true of polymorphonuclear 
leucocytes 

Unfortunately, certain types of bacteria may not be destroyed 
by the phagocyte after they have been ingested This is apparent 
in tuberculosis, where the tubercle bacilli are ingested by polymor- 
phonuclear leucocytes and transported to regional lymph nodes 
where the primary lesion of tuberculosis, the tubercle, develops In 
other diseases, such as brucellosis, the causal bacteria are ingested, 
but apparently not quickly digested Their piesence in the phago- 
cyte protects them against antibody and the lytic process This is 
thought to explam the chronic nature of that disease as well as the 
recurrmg acute attacks of the mfection 

The Significance of Phagocytosis in Limiunity. The role of 
phagocytosis in immunity has been acknowledged as an important 
phenomenon smce its description by Metchnikoff That it is the only 
means by which the animal body is protected against pathogenic 
bacteria, as contended by Metchmkoff, has been doubted by many 
The demonstration of the bactericidal action of blood plasma fol- 
lowed by the advent of the humoral theory of immunity, made it 
evident that lysis, too, had a part to play m the destruction of 
microorganisms The neutralization of toxin by antitoxin has dem- 
onstrated that a direct neutralmng process is active in destroying 
certain poisons of bacteria The division of immunity mto the three 
parts — neutralization, humoral, and cellular — is logical, but how 
much of immunity may be ascribed to each is rather difficult to 
ascertam "We may dispose of the part toxm-anbtoxin plays by 
admitting that this is a function which is operative m all diseases 
produced by toxins of any marked potency The division of the 
resulting immunity into humoral and cellular is a more difficult 
task That the lysis of bacteria takes place when the necessary 
reacting substances are placed m a test tube is well established 
It may be assumed that the same thing occurs m the animal body 
Furthermore, it has been proven that when leucocytes, bacteria, and 
antibody are placed together m a test tube, the bacteria are 
destroyed This occurs within the body as has been demonstrated 
The division of immunity mto temporary and permanent is helpful 
m showing a difference between the humoral and cellular effects 
It is assumed that humoral immunity is active when antibody is 
noted m the blood plasma Antibody is detected by the agglutma- 
tion, precipitation, oi complement-fixation tests As long as this sub- 
stance IS present m great amounts, high titers, it is supposed that 
humoral immunity is still an effective means of destroymg bacteria 
In those conditions where antibody is demonstrated and yet the 
animal is m the acute stage of the disease, tlie mere presence of 
antibody docs not assure the animal protection agamst death, nor 
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does it mean that the animal will be protected against chrome 
infection In most cases, however, the presence of antibody is con- 
ducive to recovery Durmg this recovery process, lysis and phago- 
cytosis are no doubt the active forces m bacterial destruction- 
Ultimately, however, m many conditions it is not possible to 
demonstrate the presence of antibody m blood plasma, and yet the 
animal is entirely immune By what means is the animal pro- 
tected’ Lysis and phagocytosis both are enhanced by the action of 
antibody, and it seems logical to assume that the absence of anti 
body affects each equally 

Metchnikoff was of the opimon m his very early work on 
phagocytosis that the phenomenon was due to the stimulation of the 
phagocyte The discovery of opsonm negated that assumption 
Wassermann and Citron m 1905 were of the opimon that cells could 
be condiUoned to the effects of foreign substances without the action 
of anUbody This first suggestion of the existence of a “local 
immumty" has been considerably advanced by the work of Bes- 
redka, Gay, and his co-workers, and by many others Defimte 
evidence has accumulated which appears to demonstrate that 
phagocytic cells can be tramed to be effective against a specific type 
of antigenic substance This training appears to be an mbentable 
phenomenon which is possessed by the cells for long periods of time 
In a sense, then, the original conception of Metchnikoff, that 
phagocytosis is due to the stimulation of the phagocyte, seems to be 
partly true The action of the antibody, opsonm, speeds up the 
union of phagocyte and the mvading microorganism The presence 
of a marked inunumty m the absence of demonstrable antibody is 
explamed by the presence of a property m phagocytes which is 
passed on to the newly formed cells It is assumed, then, that 
cellular immunity is more durable than humoral and plays an 
exceedingly important role m temporary infections It is generally 
conceded, also, that natural immumty is due largely to the action of 
phagocytes 


Phagoc>tosis m Disease Diagnosis At one tune the determma- 
Uon of the opsomc index of a patient was considered a practical 
method of diagnosmg disease Experimental error and the availa- 
bility of more adequate diagnosUc tests discouraged its use A 
modification of the opsomc index determination under the name of 
the opsmocytophagu: test has been suggested durmg recent years 
as an aid m the d-agnosis of brucellosis of man 
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trated blood m a water bath at 37oC for thirty minutes. The mixture 
consists of 0 1 cc of a saline suspension of orgamsms having a turbidity of 
6 mm , as measured by the Gates apparatus, and 0 1 cc of the patient’s 
citrated blood having a dilution of OB per cent citrate (5 cc of blood 
added to 0 2 cc of 20 per cent sodium citrate in saline solution) A smear 
of the mixture is then made on a glass slide, dried rapidly with an electric 
fan and treated with 0 5 cc of Hasting's stam for thirty seconds, after 
which, 1 cc of distilled water having a pH of 6 4 is added for ten minutes 
Twenty-five polymorphonuclear leukocytes are exammed and their 
opsomc power classified accordmg to the number of Brucella organisms 
counted within each cell, as follows negative, no phagocytized bacteria; 
shght, from 1 to 20, moderate, from 21 to 40, and marked, over 40 The 
Brucella opsomc (opsonocytophagic) test m a subject reacting negatively 
to the mtradermal test will almost always show httle or no phagocytosis 
A subject reacting positively to the mtradermal test is classified as in- 
fected when less than 40 per cent of his polymorphonuclear leukocytes 
show marked phagocytosis and as infected but with questionable im- 
mumty if from 40 to 60 per cent of his polymorphonuclears show a marked 
phagocytosis A subject reacting to the mtradermal test is classified as 
immune when 60 per cent or more of his polymorphonuclear leukocytes 
show marked phagocytosis of Brucella organisms 
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Anaphylaxis and Allergy 


Injection of bacteria and other protein substances stimulate 
body cells to produce antibodies These antibodies neutralize and 
sensitize antigens, consequently, various phenomena which are 
associated with the state of immunity result By these processes the 
susceptible tissue are protected agamst further attacks of the m- 
vading agent, a condition which is called jtrophylaxis, meanmg 
“with protection ” Another type of reaction exists which is directly 
opposite to immumty When a protem substance is mjccted mto an 
animal parenterally, that is, subcutaneously or intravenously, and is 
followed m two weeks by another mjection, a reaction is noted which 
varies from a minor respiratory disturbance to death The animal 
obviously becomes more sensitive to the protem instead of becommg 


i caiieu 


immune, it possesses a hypersensitive condition which is 
anaphylaxis, meanmg “without protection *’ Immunity and ana- 
phylaxis, however, do have many charactensUcs m common Both 
are mduced by protein substances, both are specific m action, both 
mvolve the action of body celb, and both are brought about by 
antigen antibody union Marked differences existing between im- 
munity and anaphylaxis are Immunity protects, anaphylaxis does 
not, immune reactions can be demonstrated in vitro, anaphylaxis 
can he demonstrated only on hvmg cells The mechanisms of the 
two reactions appear similar, but the results differ 

In 1798, Jenner was probably the first to observe hyper- 
sensi iv^ess when he noted that smallpox or cowpox patients 
appeared to be more sensiUve to smaUpox or cowpox substances 
than it they had not had the disease Some time later, 1839, 
injection of egg albumen mto rabbits 
Sme subsequent mjections of the 

t T’* ■’'‘“I' The most significant early con- 

Hencouri ° niade by Richet and his co-workers 

jection of eel serum produced an increased susceptibility m the 


[2281 



Anaphylaxis and Allergy 229 


dog, and later that the injection of an extract of the tenacles of sea 
anemones also produced the same type of sensitivity. They coined 
the word anaphylaxis. 

In 1903 Arthus described an unusual phenomenon which has 
since been named for him. He injected rabbits subcutaneously with 
a horse serum at six-day intervals. The first three injections were 
readily absorbed by the tissues; the fourth was followed by some 
edema at the site of injection; and after the sixth or seventh in- 
jection, the skin at the site of injection became gangrenous, and a 
deep abscess scar was finally formed. If the sensitized animal was 
injected intravenously with the serum, it appeared restless, lay on 
its abdomen, and respiration frequently increased; it defecated fre- 
quently, finally fell on its side, and commonly died, all within the 
span of 2 or 3 minutes. 

In 1903, several observers noted that a reaction often followed 
the injection of diphtheria antitoxin which was, in some cases, so 
severe that it caused death. Von Pirquet independently, and later 
with Schick, explained the reaction as one due to an allergy 
(alios = altered, ergeia = reactivity) caused by horse serum. They 
named the disease serum sickness. Theobald Smith had been con- 
cerned with deaths in. guinea pigs which were being used in the 
technic of diphtheria toxin-antitoxin standardization. He observed 
that when a guinea pig was injected with horse serum and a second 
injection was given after a period of ten days or more, the pig 
would show signs of hypersensitiveness, and if sufficient quantity, 
5 or 6 ml, were injected intraperitoneally, death would result in a 
few minutes. The first injection served to sensitize the animal to 
the second injection. This phenomenon in the guinea pig is so 
striking that it has been used by mmy investigators in the study 
of the anaphylaxis reaction. Almost simultaneously Otto in Ger- 
many and Rosenau and Anderson in the United States studied the 
Theobald Smith reaction, and the American investigators developed 
important fundamental criteria for it, and determined that the 
reaction was due to horse protein alone. 

These fundamental observations were followed by attempts 
by many to explain the mechanism of the reaction. Wolff-Eisner 
believed it was due to an endotoxin which was liberated by a 
lysin formed as a result of the first injection. Vaughn and Wheeler 
demonstrated that proteins, in general, are split by chemical means 
into two portions: one which, when injected into an animal, gives 
rise to symptoms resembling those of anaphylaxis, and another 
which is inert. The protein whidi is to be split is boiled in absolute 
alcohol containing 2 per cent sodium hydroxide. The toxic fraction is 
soluble in alcohol; the nontoxic fraction is insoluble in alcohol 
Each of these fractions gives the protein reactions and is classified 
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as a protein, or as a complex polypeptld or peptone. When injected 
into guinea pigs, these fractions behave quite differently. The 
alcohol-insoluble portion cannot produce anaphylactic symptoms, 
but can be used in sensitizing animals against the protein from 
which it was derived. The alcohol-soluble portion produces 
anaphylactic symptoms when injected, but does not sensitize agamst 
the proteins; consequently, Vaughn and Wheeler believed that 
foreign proteins were split by substances formed by a first injection, 
and as a result the toxic portion produced a reaction. 

Classification. Since these early contributions were made, 
numerous examples of hypersensitivity have been described. The 
reactions to the hypersensitive state have been found to vary in 
intensity. Different types of material have been found to induce the 
condition, and different tissues have been found to respond to the 
reaction. For these reasons a classification of the reactions is 
desirable. Coca considered the whole condition as hypersensitive- 
ness and divided it into anaphylaxis and allergy. Kolmer proposed 
the name allergy for a general term and suggested two subdivisions, 
hypersensiliveness and anaphylaxis. At present, the classification 
suggested by Coca is widely used. The hypersensitive condition is 
conceded to be of two types: One which is usually more acute, is 
induced by a definite sensitization, often experimental, and pro- 
duces definite symptoms, is known as onaphglofis; the other type of 
reaction is, in general, less severe, does not have definite sensitiza- 
tions, has variable symptoms, and is known as allergy. There is 
some tendency to classify anaphylaxis as those conditions which 
are induced in the lower animals by a definite sensitization and to 
use the term allergy for those hypersensitive conditions which are 
observed in man. Active sensitization with different proteins has 
not been ^ied out with man as the experimental animal to the 
extent of finding out how he may react to anaphylaxis. Allergic 
reactions have been observed in animals, although not to any great 
extent, and it is doubtful if animals \viU soon reach the state of 
heredity when they wiU become as hypersensitive as man to so 
many different chemical and physical agents. Bacterial allergies, 
however appear to be identical in man and the lower animals. 
Unless allergy m man is primarily hereditary, there appears to be 


no reason why he should be 


more easily sensitized to bacterial pro- 


.T j' result of mfeetion than are lower animals 
hvnemensu^ anaphylaxis and allergy are both expressions of 
mmW me r appear to hTve a funda- 

1,“ “'ny are different in many respects. 

^Tallfm " atunmarised by Tnft and are given 
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ANAPHYLAXIS 

Tenninology. Anaphylaxis is a reaction which results from the 
parenteral injection of a nontoxic dose of a foreign protein which 
IS followed by the injection of an mcreased dose of the same protein 
in ten to fourteen days The protem which serves as the antigen m 
this reaction is called anaphylactogen The antibody which is a nec- 
essary part of the reaction is termed anaphylactm The first dose of 

TABLE 131 

DiFFFERENCES BETWEEN ANAPHYLAXIS ANH ALLERGY* 



AfTAPRYt-AXIS 


Occurrence 

Artificially Induced 

Spontaneous 

Hereditary factor 

Absent 

May be congenital — if so, 
sensitization exists to 
same substance as m 
sensitized mother Sensi- 
tization lasts short time 

Frequently present — in- 
herited through both 

mother and father 

Rarely congenital — sensi- 
tization against sub- 

stances other than those 
of parent, and of long 
duration 

Nature of antigen 

Anaphylactogen must be 
soluble protein 

Many nonprotem sub- 
stances. eg, drugs, cap- 
able 01 acting as aller- 
gens 

Characteristic 

antibodies 

Anaphylactic antibodies 
and precipitms 

Reagms 

Pathology and 
symptomatology 

Shock organ variable in 
different species but con- 
stant m individual mem- 
bers — bronchial muscle 
in guinea pig, hver in 
dog, and pulmonary ar- 
tery in rabbit Symptoms 
due to contraction of 
nonstnated muscle and 
are the same irrespective 
of the type of antigen 
injected 

Shock organ different not 
only in different indivi- 
du^ but even m same 
individual in response to 
single antigen, eg, nose, 
bronchial mucosa, skin, 
etc Symptoms more of- 
ten due to edema and 
rarely or never to con- 
traction of smooth mus- 
cle, extremely variable 
in response to different 
antigens 

Desensitization 

Relatively easy, at least in 
guinea pig 

Difficult to produce or to 
prove 


• From Tult s Qllnical Allergy Copyright W B Saunders Co 


the antigen which is given to the animal is known as the seTisthsing 
dose The period which elapses between injections is often termed 
the incubation penodj but it could be called, more appropriately, 
the seiistUzing period. The second mjection of the antigen is termed 
the shocking dose, or Coanc dose, because it induces the condition 
called anaphylactic shock 

Fundamental Criteria. During years of experimentation a 
number of fundamental criteria which characterize anaphylaxis 
have been developed and are summarized as follows 
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1 It IS possible to sensitize a suitable animal by means of a 
great variety of proteins, sucb as blood serum of various animals, 
egg white milk plant protems, bacterial protems, annual parasite 
proteins yeast protems, and mold protems Sensitization can be 
affected m many cases by the mjecUon of mmute quantities of 
the protems, in some cases only a fraction of a milbgram is re- 
quired The protem can be heated without destroymg its sensitizmg 
power - 

2 It IS possible to secure an anaphylactic shock m an anim al 
that has been previously mjected with a sensi ti z in g dose of a pro 
tern only after the lapse of a defimte period has followed the first 
injection, the length of this period depends greatly upon the size 
of the sensitizmg dose 

3 The sensitization of an animal, in general, can be accomplished 
best by the parenteral mtroduction of the protein, however, some 
cases have been recorded showmg sensitization as the result of 
mgestion or rectal mjections 

4 The type of anaphylactic reaction secured differs with the 
species of animal, and to a lesser degree, with the site, the amoimt 
of protem used, and the method followed m makmg the second 
mjection Different proteins produce the same type of reaction in 
the same species of anim al. 

In the guinea pig the first sign of reaction is usually evident 
withm a few seconds to a few imnutes after mjection The animal 
then appears restless and scratches its nose with its front feet 
Usually urme and feces are passed There is a decided drop m 
temperature m animals showing anaphylactic shock, even though 
the reaction is a slight one The breathing becomes more rapid, and 
the a nim al falls on its side There is evidence of dyspnea Generally 
the animal dies m convulsions, however, an occasional quiet death 
has been observed Usually the heart beats for a time after breathing 
ceases If very small quantities of protem are mjected the animal 
often shows the first i^roptoms, but gradually recovers. In acute 
anaphylaxis, death occurs m 2 to 5 minutes 

Rabbits are not easily sensitized A number of prehminar> 
injections are required before a marked reaction results Generally 
reactions are defecation urmaUon, decided weakness, droopmg 
head body resUng on the ground, breathmg irregular and labored 
^d convulsions followed by death promptly or within several 


In dogs the anaphylacUc s^ptoms are a decided fall m blood 
pressure, evidence of cerebral anemia, vomitmg. urmaUon, defeca- 
^on. gradual we^ess, and finaUy death The reaction has been 
shov-m to center about the liver and portal circulation 
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Cats, mice, and rats are difficult to sensitize. Cats possess a 
marked susceptibility to foreign protein, but the reasons why mice 
and rats do not respond readily are not understood. 

Anaphylactic shock has been observed in cattle, horses, and 
goats. In general, the reactions are characterized by dyspnea and 
muscular weakness. 

In all species of animals the reaction appears to be character- 
ized by the action upon nonstriated muscle; therefore, it has been 
generally concluded that the differences in the reaction in the 
different species of animals are due to the comparative amoimts of 
nonstriated muscle in various parts of the body, that is, the 
bronchioles and bronchii of the guinea pig, the pulmonary arteries 
of the rabbit, and the hepatic veins of the dog. 

5. The reaction is highly specific. An animal sensitized against 
a particular protein wiU react only when that protein is injected. 

6. A condition of passive anaphylaxis may be induced by the 
injection of blood serum from a sensitized animal into a normal 
animal. Such an animal reacts to the injection of the protein in 
the same manner as an actively sensitized individual. 

7. The injection to produce the anaphylactic reaction gives the 
most rapid results when made intravenously or into the heart; 
Intrapentoneal injection is somewhat less rapid in its action; and 
subcutaneous injections produce still slower reactions. 

8. An animal which has just recovered from an anaphylactic 
shock does not show the same symptoms when a second injection 
»s made immediately, but the animal becomes hypersensitive again 
after a lapse of a few days. If a small dose of protein is injected into 
the animal, a large dose injected later may not cause a reaction 
Probably this deseTisitization is due to the exhaustion of all of the 
specific antibody which is present in susceptible cells. 

Explanation of Aoiaphylaxis. The theories which have been 
advanced to explain anaphylaxis are grouped into two different 
types, the proteolytic and antigen-antibody reaction. The proteolytic 
theory is based largely upon the work of Vaughn and Wheeler who 
assume that the cleavage of protein molecules by a lytic substance 
occurs forming toxic and nontoxic parts, and that the reaction is 
due to the toxic parts. The toxicity of peptone and other protein 
cleavage products is given as added proof. The fact that the 
materials concerned in the complement-fixation reaction were found 
to be highly toxic and that complement was decreased by the ana- 
phylactic reaction led to the assumption that complement is the lytic 
substance responsible for the reaction. This explanation of the re- 
action on the basis of a toxic substance has led to the use of the term 
anaphylatoxin for the toxic substance. The lytic theory is con- 
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sidered untenable m light of numerous observations Normal com- 
plement has never been shown to be a proteolytic enz5mie, and its 
decrease durmg anaphylactic reactions may be explamed by the ef- 
fect of the reaction upon numerous body processes A poison has 
never been demonstrated m the blood following antigen-sensitizer- 
complement action. The ana|:diylactic reaction occurs too rapidly to 
permit the formation of a toxic substance by a lytic process Isolated 
muscle strips, completely devoid of serum complement, show the 
reaction topical of anaphylaxis, for these reasons and many others, 
the action of an anaphylatoxin m anaphylaxis is discoimted at the 
present time, even though anaphylactoid reactions are produced by 
protem cleavage products such as peptone and histamm 

The antigen antibody theory of anaphylaxis was primarily 
suggested by the fact that the hypersensitive condition of one anima l 
can be transferred to a normal animal by the transfer of blood 
serum It was considerably augmented by the discovery of Doerr 
and Russ that the abiUty of a serum to confer passive sensitization 
was m direct proportion to its precipitin titer The relationship 
of precipitation of proteins to the anaphylactic reaction has been 
shown by many mvestigators The reaction is considered to take 
place upon sensitized cells or \vithin them, and as a consequence 
their colloidal characteristics are altered How this alteration causes 
the anaphylactic reaction is not known Htstamtn, which is a 
denvaUve of the ammo acid histidme, is a substance which is found 
m many tedy cells Histamm is definitely toxic, m fact, mjecUon 
of It produces symptoms similar to anaphylactic shock. It is of 
speculative mterest to assume that the antibody antigen reaction 
m sensi^d cells liberates histamm, or as Zmsser states “As a 
msidt of the umon of antigen with ceUular anUbody, a chemical 
^ result of which a histamm-like substance 
1 ^ gives nse to the vascular 

of ananhvl ^ anges underlymg the phsrsiological mechanism 

ot anaphylactic symptoms ^ 

Sue anaXir Wells .s of the opmton that 

true anaphylaxis and histamm shock are smular He states > 

phenomena histemm fails to account for all the 

reacuons in produces strong 

k mstanm. desensmsed. 

anaphylaxis. temperature reactions usual in 

produce the changes m coagulability of the blood 
Co Inc, \ew lork. I»3 p^sJJ^****^ -A*p*cU of ImmunUy Tbe can-miral Catalog 
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4. Quinine augments the susceptibility of sensitized animals to the 
foreign protein but does not affect the intoxication produced by histamin. 

In respect to item one in the previoxis list, one should not expect 
histamin to desensitize if it is the active product of an antigen-antibody 
reaction since it is this reaction alone that is prevented by desensitizaticn. 

As to items two and tlu-ee, it is probable that these phenomena result 
from other products of the antigen-antibody reaction, since presumably 
many different substances are produced. The effect of quinine, item four, 
might be found to be an influence on the antigen-antibody reaction if this 
possibihty were investigated. At least histamin seems to have a synergetic 
relation to anaphylactic shock, probably because the points of attack of 
histamin and anaphylactic reactions are identical. 

In his review of anaphylaxis Dragstedt is of the opinion that 
histamin plays a significant role in producing symptoms in the rabbit, 
guinea pig, and dog. This author also believes that heparin and 
choline may be of significance in producing some of the reactions 
found in anaphylaxis. 

Significance of Anaphylaxis. Anaphylaxis, as a whole, appears 
to have three definite uses: It may be used to study the nature of 
the specificity among proteins; it may explain the mechanism of 
serum sickness and related hypersensitive conditions; it may 
facilitate the study of various diseases which result because of 
bacterial invasion. 

In the practice of veterinary medicine, animals often die of 
“shock” during the immunmng process. Many of these instances 
are difficult to explain, but many, no doubt, are due to previous 
sensitization. Taylor and Casserly reported the occurrence of 
anaphylaxis in cattle which had been treated with anthrax anti- 
serum when antiserum was again injected. Hadwen, and Bruce 
and Strockbine have reported anaphylaxis in cattle following 
the removal of Hypoderma larvae from the back, that is, if the 
larvae were crushed during the process. The injections of extracts 
of the parasite were found to produce typical reactions. Sheep are 
hypersensitive to extracts of Oestrus ovis upon the injection of 
extracts of the larvae of that parasite. Schlotthauer has described 
anaphylaxis in calves during immunization with calf scours vaccine. 
Williams and Hagan observed a hypersensitive condition in calves 
which followed the use of calf scours antiserum. 

It is obvious, therefore, that cases of anaphylaxis may result in 
the practice of veterinary medicine. Caution should be used in 
giving injections of foreign proteins to animals without obtaining 
a history of previous treatment. 

AllERGY 

In man the incidence of hypersensitive conditions which are 
generally called allergic has been determined in some communities 
and it is believed that the average is about 10 per cent. Much 
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attention has been given to the study of allergy The information 
gathered from such mvestigation has been collected m numerous 
textbooks completely devoted to the subject The excellent treatise 
on the subject by Cooke and associates is highly recommended to 
the student for detailed study 

Allergy m ammab; has not been studied to any great extent al- 
though some reports are found in hterature Schnelle, Bums, and 
Pomeroy each have reported instances of food allergy m the dog It is 
believed by many that “heaves” m the horse is a tj^iical example of a 
condition, resultmg from a respiratory hypersensitivity Respiratory 
difficulty, which is reheved by the first frost m the fall, has been 
noted m cows during summer months Close observation will 
probably reveal other allergic condibons m animal<; 

Terminology. The antigen which is active m produemg the 
allergic condition is known as allergen, and the antibody which is 
thought to react with it is called ollergin Coca proposed a sub- 
division of allergy which embraced those conditions which were 
known to be subject to hereditary infiuence, which he called atopy 
The antigen m this reaction is known as otopen and the antibody 
reagm 


Allergy is divided mto the following numerous types depending 
upon the tissue mvolved in some cases, and m others upon the type 
of antigen serum sickness, hay fever, osthmo, olimentary allergy, 
sLm allergy, drug allergy, physical allergy, and hactenal allergy 
Bacterial Allergy Bacterial allergy is of importance m veter- 
in^ medicine There are numerous diseases m animal*; m which 
a hypersensitive state is produced and which is used as a means of 
diagnosis The mechanism by which body cells become hypersensiUve 
to extracts of bacteria is not known It does not appear to be a 
tuncUon which is common to immune-antibody formation In some 
conditic^, an allergic state is mamfest before immune-antibodies 
be delected in the blood stream. In many diseases, the allergic 
state persists long after cu-culatmg immune-antihody has dis- 

hypotsenamve cells In some 
tnher^osB, the sens.Uzat.oa .s produced only alter 

lonnmg the « “"““d "" 

known. The m t pbagocjtic action are responsible is un- 

tissue does not^n^ Prolem extracts of the tubercle baciUus into 
docs the actual mfection ' scns.Uv.ty to tubcrcuhn as 

teru.r'XrS^°fl”'™’“n°/ winch d.sUngunh baa- 
'll ahero from anaphyW I, p^^^.yc to transfer the 
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hypersensitive state passively from a hypersensitive animal to a 
normal one. A number of hours must elapse following the injec- 
tion of antigen before the hypersensitive reaction is obtained. A 
number of animal species, notably the rat, are difficult to sensitize 
for anaphylaxis. Most animal species, if they are susceptible to the 
microorganism in question, develop bacterial hypersensitivity and 
react in the same way to test antigens. There are no specific shock 
tissues or shock organs in animals as observed in anaphylaxis. 

The significance of bacterial hypersensitivity to the disease 
process has been a subject of considerable conjecture. The chief 
argument has centered upon the harmfulness of the reaction. The 
extensive areas of inflammation with resulting necrosis which develop 
in tissue following the injection of test antigens indicate that the 
development of a hypersensitive state is harmful to the animal. 
However, it has been suggested that the formation of edema in the 
injection site is a defense reaction by which the antigen is im- 
mobilized and ultimately destroyed. There are those who contend 
that all disease is a hypersensitive reaction and is manifested only 
in those animals which have an inherited hypersensitivity. Cases 
where an increased hypersensitivity is developed as a result of in- 
fection merely prove that the animal possesses a normal basic hyper- 
sensitivity which is augmented by the development of lesions. 

It is possible to desensitize an animal which is hypersensitive 
to bacterial protein. However, this must be done with small doses, 
or necrosis of tissue will result. After a period of time elapses, the 
hypersensitive condition returns. 

The methods used in detecting hypersensitive conditions re- 
sulting from bacterial infections will be discussed in the chapters 
devoted to the different groups of organisms. In the diagnosis of 
certain diseases in which an allergic state is produced, bacterial ex- 
tracts may be used: tuberculin for tuberculosis, Johnin for Johnin’s 
disease, mallein for glanders, and brucellin for brucellosis. 

In addition to bacteria there are a few animal parasites which 
produce hypersensitivity. It is possible to diagnose trichinosis by 
the intradermal injection of extracts of Trichinella spiralis. The 
presence of nematodes of various species, particularly Ascarids, 
can be detected by an allergic test. 

Tlie Shwartzmaii Phenomenon. In 1928, Shwartzman de- 
scribed a phenomenon of local tissue reaction which is of interest 
and significance. The action of the bacterial exotoxins on specific 
tissues has been known for some time. It has been presumed that 
other types of tissue reactions, inflammation in general, are pro- 
duced by the so-called endotoxins which are liberated upon bac- 
terial disintegration. In studying the latter tyi>e of reaction 
Shwartzman gave rabbits a single intradermal injection of B. typho- 
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sus culture filtrate followed 24 hours later by an intravenous in- 
jection of the same filtrate Four hours after the intravenous 
mjection, severe hemorrhagic necrosis appeared at the prepared 
site Grossly it was dark blue, swollen, with an angry red peri- 
phery, and histologically it showed disruption of the venules, exten- 
sive hemorrhage, thrombosis, and necrobiosis of all the cells The 
reaction extended from the superficial layers of the skm through 
the entire thicknes of the abdommal wall to the peritoneum. 

He found that a 24-hour period of mcubation was necessary 
between the skin dose and the second dose which m all cases must 
be given mtravenously The reaction is produced when filtrates of 
types of bacteria other than the origmal t3^e are given in the 
second mjection The phenomenon is significant because it aids in 
the explanation of certain types of bacterial allergy such as the 
Arthus reaction as well as certam inflammatory reactions which 
result m hemorrhage and necrosis 
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PART III 

Classification and 
Characteristics of Pathogenic 
Bacteria, Yeasts, and Molds 



The Classification and 
Nomenclature of Bacteria 


14 . 


One of the cardinal characteristics of nature is the orderliness 
of living things. All animals and plants are divided into distinct 
species. These species of animals and plants are able to repro- 
duce only with their kind. Since this is a genetic truth, similar 
individuals are reproduced, and the orderliness of all nature is 
continued. Such simple forms as bacteria follow the same genetic 
rules as animals and plants. The bacteria, therefore, are classified 
and named in the same manner as animals and plants, and, as a 
result, definite information concerning the various groups is avail- 
able. Furthermore, it is possible to learn the names and to correlate 
the activities and characteristics of one group with those of another. 

Since the bacteria are classified as plants, the system of botani- 
cal nomenclature proposed by the Swedish biologist, Carl von 
Linne (Linnaeus), during the years 1750 and 1760, is taken as the 
starting point for bacterial nomenclature. In 1773-74 the Danish 
naturalist, Otto Frederich Muller, arranged the bacteria then 
known into a system which was subsequently enlarged in 1786. 
C. G. Ehrenberg extended this classification in 1838 and added the 
descriptions of numerous types of protozoa and bacteria. During 
the period between 1872-76, the most fundamental early contri- 
butions to the subject of classification were made by Ferdinand 
Cohn who differentiated between the bacteria eind protozoa; his 
classification has been used as the basis of those which have fol- 
lowed. 

The rapid discovery of all the various species of bacteria, as 
well as characteristics so significant to health and comfort of man, 
has made the subject of the classification of bacteria a most complex 
one. The systems of classification now in use have developed about 
the work of Buchanan, the various committees on classification and 
nomenclature of the Society of American Bacteriologists, of the 
International Society of Microbiologists, and of the National Botani- 
cal Congress, as well as the various contributors throughout num- 

[2431 
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erous editions of Bergey s Manual of Determinative Bacteriology 
It IS obvious that there should be an mtemational system of 
classification and nomenclature, and as knowledge of the bacteria 
increases, changes m existmg systems will be made This is an 
mevitable mark of progress It must be recogmzed that bacteriology , 
as a science, is still quite young and that it takes time to reach the 
period of organization so characteristic of middle and old age The 
student, therefore, must expect to replace new names for old from 
time to time and to look for a well known organism in a group 
different from the one of which he has learned that it is a member 
Rules of Bacteriological Nomenclature Since the time of 
Linnaeus, botanists and zoologists have followed the bmominal 
system of nomenclature Numerous other rules have been adopted 
from time to time until the lists of rules of Zoological Nomenclature 
and of Botanical Nomenclature are quite extensive A committee is 
preparmg a list of Rules for Bacteriological Nomenclature to be 
adopted by the International Congress of Microbiology 

It IS not withm the scope and purpose of this text to list the 
rules for naming bacteria It is desirable, however, that students 
become familiar with a few of the general prmciples which are 
followed 

1 The scientific name of a microorganism is composed of two 
words, both Latm 

2 The name does not need to be a descriptive one, m fact 
descriptive names are apt to be misleading The name Micrococcus 
aureus is descriptive of the golden micrococcus, however, it is 
nw recognized that this organism may become nonpigmented, or 
white, yet it retains all of its other characteristics Descriptive 
names given to bactena years ago often lose their significance m 
light of new discoveries When descriptive names are used, there 
IS a marked tendency to use more than the one species name this 
leads to such absurd names as BaciUus saccharobutyncus fluorescens 
liquejaciens 
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every genus belongs to a family, 
every family belongs to an order, 
every order belongs to a class, 
every class belongs to a phylum, 
and every phylum belongs to a kingdom. 

The names of the different groups take different endings. These 
are illustrated by listing the various taxonomic groups of Micro- 
coccus aureus. 

Species — aureus 

Genus — ^Micrococcus 

Family — Micrococcaceae — ending aceae 

Order — Eubacteriales — ending ales 

Class — Schi 2 omycetes — ending cetes 

Phylum — Thallophyta — ending a 

Kingdom — Plant 

If a greater number of intermediate categories are required for 
lucid classification, subclasses, suborders, subfamilies, tribes and 
subtribes, subgenera and subspecies, or varieties may be designated 

Bases for Bacteriological Classification. Bacteria are classified 
by using any of the characteristics which fall imder the following 
general heads: 

1. Morphology. Morphology is used for differentiation when- 
ever practical. For example, the bacteria are placed in the plant 
kingdom, the class schizomycetes, into the various orders, and into 
families largely on this basis. 

2. Physiology. When considering the more closely related 
groups, such as the genera, physiological characteristics must be 
used. For example, the sporeforming, rod-shaped bacteria are 
placed into the family Bacillaceae on the basis of morphology. The 
two genera Bacillus and Clostridium are formed, however, on the 
basis of physiological function, oxygen relationship, 

3. Antigenicity. Within the genus and in some cases the for- 
mation of subspecies, the antigenic structure of bacteria forms the 
basis for differentiation. The antigenic relationships of bacteria are 
detected by the serological tests, such as agglutination and pre- 
cipitation. The value of the use of antigenic structure is noted in the 
differentiation of the pneumococci into thirty-two different strains 
The species of the genus Salmonella are classified largely upon the 
basis of antigenic differences. 

4. Pathology. Bacteria are not grouped into species or genera 
on the basis of the different types of diseases which are produced; 
yet the specific pathology of disease is acknowledged as one of the 
important characteristics of pathogenic bacteria, and from the point 
of view of medical bacteriology, is not given the prominence 
deserves. The type of infection which the organism causes 
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mto the coimng o£ names such as Streptococcus pyogenes and Sal 

moitella choleraesuis . 

All of the different characterisUcs considered pertinent to ine 
complete description ot bacteria are mcluded m a chart which to 
been compded by the Committee on Bacteriological Technic o£ the 
Society of American Bacteriologists 

Tlie Relationship of Bactenal Variation to Classification 
Early workers m bacteriology described cultures which are recog 
nized today as being composed of a number of different species o 
bacteria For example, Halher described as pure cultures what were 
actually numerous types of bacteria, ho pictured them as varying in 
morphology from short rods to forms as complex as molds Ob- 
viously, such cultures were not pure, but were contaminated with 
Aspergillus and PeniciUium molds As methods of obtaining pure 
cultures of bacteria became available, it was concluded that a pure 
culture was composed of only one definite type of an organism and 
that the daughter cell always produced a type of cell, a type of 
colony, and a type of physiology exactly like that of the mother 
cell This conception, aptly called monomorphism, held sway for 


many years 

As the study of bacteria progressed, it became increasingly 
apparent that bacteria do vary from the accepted normal forms 
under certain conditions This variation or dissociation as it is also 
called may be morphological or physiological. Some variations 
appear spontaneously m a culture while others develop slowly 
usually augmented by the environment of the culture 

Numerous examples of morphological dissociation may be cited 
Changes m the shape of the mdividual cells of a culture are often 
observed A particular organism may be ovoid on solid media but an 
elongated bacillus m a fluid medium E colt is normally a flagellated 
organism when grown in fluid media yet may not develop flagella 
when grown for some time on soUd media Bacillus anthracts, when 


grown on a common nutrient medium, is noncapsulated, yet, when 
It is gro^ on a medium contaimng a carbohydrate and serum, it 
^ produce a capsule This same bacillus normally produces spores 
but one of the classical experiments performed by Pasteur was to 
develop a nonsporeproduemg culture by cultivation at 42°C 

Greatest emphasis has been given to the different types of 
SolT cultures These variations often 

xplam the differences m virulence of a bactenal culture The cocci 
grow m a type of colony 
tsm ^ However colonies of this type of microorgan 

when vr ™ encountered which are mucoid (M) , and sometimes 
colomef W nntahve medium, may form rough (R) 
ome instances these variations are reversible, but many 
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of the variants are permanent. The R form appears to represent 
the last stage in reproductive maturity. An organism in its S form 
has an antigenic structure more complete than in the R form. An 
organism in the M form is often more virulent when in the S form; 
however, the S form is more virulent than the R form. Under con- 
ditions of artificial cultivation the variation is from S to R, pre- 
sumably because the individual celb of the R colony are more able 
to subsist on the food available in artificial media. When such a 
culture is injected into a susceptible animal and disease results, 
the S form of the organism is usually isolated. In this instance, the 
fluids and cells of the animal body apparently provide the nutrient 
substances essential for the growth of S type organisms. Since they 
are more virulent that R, they resist body defenses, such as phago- 
cytosis, reproduce at a greater rate, consequently predominate in 
the culture. 

In certain types of bacteria the R type of colony represents the 
normal virulent phase. For example, Bacillus autJvracts is normally 
R and when variant S type colonies appear they are less virulent. 
Colonies of virulent Myco. tuberculosis are of the R type. 

The change from S to R may occur suddenly or slowly. In the 
latter instance intermediate variants are observed. These colonies 
are designated as SR, Sr, or sR depending upon which type the new 
colony most nearly resembles. These intermediate types are not as 
stable as the S and R types, showing a tendency to revert to either 
permanent S or R types of colonies. 

Numerous examples of physiological variation could be cited. 
Some of these are examples of a rather specific mutation, while 
others appear to be merely adaptive prv' esses of the organism. As 
long ago as 1907 Massini observed that a non-lactose-fermenting 
strain of E. coli would develop the ability to ferment lactose when 
grown in the presence of that carbohydrate. This property was 
reflected in the type of colony which developed in the mother non- 
laclose-fermenting colony. The loss or acquisition of the ability to 
ferment a certain carbohydrate appears to be a variant property of 
many bacteria. Upon this criterion, strains of a given species of a 
bacterium are recognized. Sal. pullorum, for example, is not recog- 
nized usually as a maltose fermenting organism. However, well- 
defined strains of this bacterium are isolated which do produce acid 
in maltose. These are referred to as maltose fermenting strains. 
Other examples of other physiolo^cal reactions of bacteria could 
be cited, such as variation in H 2 S production and nitrate reduction. 
Many of these variations are due apparently to the adaptive nature 
of the enzyme system of bacteria. The enzymes are formed under 
the influence of the presence of the substrate, calling into action, as 
it were, certain enzymes which have become dormant but which 
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awaken and become active when a certain type of food is present 
This same adaptable property of bacteria is observed when a cul 
ture grows not at all or at least poorly upon primary isolaUon trom 
animal tissue but grows abundanUy after it has been cultivated 
on artihcial medium for some tune This fact often explains the 
different results obtained m the study of one species of an organism 
by different mvestigators One has studied recently isolated strains 
while the other has studied old laboratory strams Their results 
may agree m the mam but differences m detailed reactions are 


common. 

Previous mention has been made of the loss of virulence when 
an organism dissociates from an S colony to an R Variations m 
virulence are encountered when there are no visible changes m 
the type of colony Loss of virulence commonly called attenuation 
often occurs when cultures are grown artificially for some time 
When the various factors which make up the composite picture of 
virulence are reviewed it is obvious that certain properties would 
be lost under artificial conditions and promptly regained when 
under natural conditions The loss of toxm production may mean a 
great deal m terms of disease but may mean very little m the life 
of a microorganism There is a tendency on the part of many m 
vestigators to overemphasize the sigmficance of many physiological 
processes There are instances when variable reactions should be 
considered the rule rather than the exception 

Smce the advent of antibiotic agents another variable character 
istic drug fastness of bacteria has been introduced Among the 
staphylococci for example it is not unusual to find strams which are 
extremely resistant to peniciUm The same is true of many other 
species which normally are considered to be sensitive to a certain 


antibiotic agent In some instances this resistance is an inheritable 
characteristic of the strain and in other instances drug fastness is 
developed as a result of contact of the orgamsm with the drug This 
becomes a serious matter when it becomes apparent that a pemcillm 
resistant strain of organism is developed and may become wide- 
spread throughout a herd In the treatment of tuberculosis of man 
with streptomycm it is found that certain cases of that disease are 
caused by streptomycin resistant strains of tubercle bacilli. Such 
glances are quite unfortunate and other means of treatment must 
be provided The explanation of the acquisition of drug fastness by 
available untd the reason for drug sensitivity 


i.r.-T’t baclonal variation or dissoaation to bac- 

fet thou^f A ^ phase of bacteriology Upon 

nnl^vet -nay bo considered to represent the most 

P milivo forms of life because of their sire However when the 



C/assi‘ficaf/on and Nomenc/a/ure 249 


specific cell-parasite nature of viruses is recognized, it is apparent 
that these forms probably represent the very advanced forms of 
living agents. The autotrophic bacteria, those which derive their 
energy from the oxidation of simple inorganic compounds, more 
nearly represent the most priirutive type of life — probably the be- 
ginning of life on our planet. It is apparent that as the tremendous 
numbers of different types of bacteria have developed a parasitic 
existence on man, plants, and animals, a process of variation or 
dissociation still was in operation. It is entirely conceivable and prob- 
able that this process continues and such examples given in the fore- 
going discussion are only expressions of evolution. 

The Systematic Arrangement of Bacteria. Reference to the 
position of the bacteria in the plant kingdom was made in Chapter 
2; Consequently, it is not necessary to repeat that classification 
here. The phylum Thallophyta is divided into different classes 
among which is the class Schizomycetes. This class is divided into 
eight different orders on the basis of morphology. These are listed 
as follows: I. Eubacteriales, II. Actinomycetales, III. Spirochaetales, 
rV. Rickettsiales, V. Thiobacteriales, VI. Chlamydobacteriales, VII. 
Caulobacteriales, and VIII. Myxobacteriales. Of these, the first 
four contain species of bacteria which produce diseases in animals 
and man. The orders are divided into numerous families, which 
in turn are divided into tribes; the tribes are divided into genera 
and the genera into species. 

In most of the systematic bacterial classifications which have 
been published, the organisms are arranged in what is known as a 
key. There are a number of types of keys, but the dichotomous 
key is the type used most often, and it is most satisfactory. In a 
dichotomous key the organisms are divided into two groups on the 
basis of a differentiating characteristic; these two groups are in turn 
divided into two others and so on until only one group remains; 
for example: 

a. Cells spherical 

b. Cells Gram-positive 

c. cells aerobic 
cc. cells anaerobic 
bb. Cells Gram-negative 
aa. Cells not spherical 

Any of the different characteristics of bacteria may be used in 
forming a key. The orders, families, tribes, genera, and species are 
usually divided by means of a key. Such a key is foimd in Bergey’s 
Manual of Determinative Bacteriology. The student will become 
familiar with the use of these keys in his laboratory work. 

A list of the orders, families, and genera which contain species 
of bacteria producing diseases in man and animals is given below. 
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The species which make up each genenc group will be discussed 
in detail in chapters devoted entirely to them 


Order 


Family 


Genus 


Eubactenales 


Actjiom^ cetales 


SpirochactaJes 


Rickettsiales 


Pseudomonadaceae 

?kIicrococcaceae 

Neissenaceae 

Lactobactenaceae 

Corynebaclenaceae 

Achromobactenaceae 

Enterobactenaceae 

Parvobacteriaceae 


Bacillaceae 

Mycobactenaccae 

AcUnoroycetaceae 

Spirochaetaceae 

Treponcmataceae 

Rtckettsiaceae 

Rartonellaceae 

Chlamy dozoaceae 


Pseudomonas 

Vibno 

Micrococcus 

Neisseria 

Diplococcus 

Streptococcus 

Corynebactenum 

Listena 

Erysipelothnx 

Alcaligenes 

Elschenchia 

Aerobacter 

Klebsiella 

Proteus 

Salmonella 

Shigella 

Pasteurella 

hlalleomyces 

ActinobaciUus 

Brucella 

Bactenoides 

Spberophorus 

Pusobactenum 

Hemophilus 

Bacillus 

Clostridium 

Mycobacterium 

Nocardia 

Actmomyces 

Spirochaeta 

Borrelia 

Treponema 

Leptospira 

Rickettsia 

Coaiella 

Cowdna 

Bartonella 

Haemobartonella 

Grahamella 

Eperythrozoon 

l^Iiyagawanella 

Colesiota 
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The Genus Streptococcus 


The streptococcus group includes all of those bacteria which 
are spherical and usually occur m chains of variable lengths of two 
to forty cells All of the species described are Gram positive Spores 
are never produced The various species show differences m 
their ability to produce acid from carbohydrates In general, they 
produce scant dewdrop like growth on the surface of culture me- 
dia, preferring enriched media and microaerophihc conditions They 
are widely distributed but are most common upon the skin, muc 
ous membranes, and m. the intestines of man and animals, as well as 
in milk They are not common as saprophytes in nature apart from 
animals or their excretions 

Classification An acceptable classification of the streptococci 
appears to be developmg out of the mass of research on the group, 
at least a tendency to place the numerous species mto definite cate 
gories is being followed 


In the early observations of micrococci by Pasteur, Koch and 
o er investigators no attempt was made to separate them accord 
mg to ceU arrangement Rivolfa described cham formmg cocci m 
pus from cases of strangles m the horse m 1873 Ogston (1881) was 
api»rent y the first to show that the micrococci were associated 
with various types of infections m man and that they could be 
^para e mto two groups those growmg m chains and those m 
^ape Idle clusters In 1883 Fehlcuum described a chain lomung 

harhT “ “an The foUowmg year Rosen 

A isolated from an abscess m man a coccus to which he gave the 
Strcptoco^ pyogenes, thus cstahhshmg the genus name 
wL fct Im -'“P a streptococcus to scarlet fever 

ha -aalated Mmro- 

traced the so t throats of scarlet fever patients and 

m 1887*isola^r "Section to milk. Nocard and MoUereau, 

m 1887 isolated a streptococcus from a cow with which they pro- 


[2521 
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duced experimental mastitis m a cow and m a goat As a result of 
the isolation of streptococci from specific diseases there was a 
tendency to consider each a separate species and to give it a name 
similar to the disease produced 

Lmgelsheim m 1891 suggested that two types, to be known as 
Streptococcus longus and Streptococcus brevis, be recognized, he 
beheved the more virulent forms produce long chams, usually of 
more than six cells, and the less virulent forms short chams with 
fewer than six cells A strict adoption of this classification proved 
impractical because variations occurred in different media and 
imder different environments 

Schottmuller’s classification in 1903 proposed the use of blood 
agar in differentiation The more virulent types he termed Str 
longus or Str erysipelatos These formed long chams and hemolyzed 
blood cells His Str mitis or Str vindans were found to be less 
virulent, to produce shorter chains, and to be devoid of the power 
of hemolysis His Str mucosus proved to be an encapsulated form 
and more closely related to the pneumococci 

The classification proposed by Andrewes and Horder m 1906, 
and adopted by Winslow and Wmslow m 1908, was the first to use 
a combmation of pathogemcity and fermentation as a basis of 
differentiation This classification considered only one pathogenic 
species, Str pyogenes, the remammg five were saprophytic 

Smith and Brown, m 1915, separated pathogenic streptococci 
which were obtamed from milk-borne tonsilhtis patients mto two 
groups on the basis of hemolysis One group, alpha hemolytic, pro- 
duced a greenish discoloration and partial hemolysis of the blood 
corpuscles surrounding the colony, the other, beta group, produced 
a zone of complete hemolysis around the colony on blood agar 

In 1916, Holman published a classification of the streptococci 
m which he divided them into two groups on the basis of hemolysis, 
and subsequently divided each subgroup by means of carbohydrate 
fermentation This classification has served as the basis of most 
of the systematic treatises on the streptococci since that time 

Brown set forth in 1919, in a most comprehensive report, the 
criteria for studying the hemolytic streptococci and strengthened 
the position of the different types which he and Smith had described 
previously He recognized and described four types which could 
be distmguished by their action or lack of action on blood agar 
alpha type, beta type, a' type, a type intermediate to a and and 
gamma type, a type which did not alter blood corpuscles, i e , 
nonhemolytic 

In a senes of reports beginning in 1928, Rebecca Lancefield has 
reported that the hemolytic streptococci may be divided mto 
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groups on the basis of the precipitation reaction using specific car- 
bohydrate substance, designated as C substance,” as the antigen 
By using the Lancefield typing technics the streptococci have been 
studied by various investigators with the formation of the follow- 
ing groups Group A, which is composed of the more virulent 
human strams typified by Sir pyogenes, Group B, which mcludes 
the bovine mastitis streptococci typified by Str agalacttae, Group 
C, which IS made up of hemolytic animal and human strains which 
are now called Str eguistmihs, certain strains Str cants from the 
dog and a distmct species, Str cqut. Group D, m which is placed 
the enterococci and strams isolated from dairy products. Group E, 
which mcludes a few strains isolated from milk and not associated 


with infection m man or animals. Group F, a mmute colony type 
isolated from the respiratory tract of man, Group G, comprised of 
both a mmute colony type and a large colony type, the former of 
which has been isolated from the respiratory tract of man and the 
latter from dogs. Group H, isolated from the respiratory tract of 
man but of doubtful virulence. Group K, comprised of strams iso- 
kted from the respiratory tract of man, likewise of doubtful vmu- 
l»ce, Group L mcludes strams isolated from the genital tract of 
e dog. Group M, strams which have been isolated from respira- 
tory tissues of the dog Group N, which mcludes streptococci found 
m milk, typified by Str lactts and Str cremons 

Several of the above groups may be divided mto serologic types 
ihe antigen wluch may be used for type differenUation vanes with 
the group In Group A the various serologic types are determmed 
by protem antigens, m Group B by polysaccharides, m Group C by 
proteins, ^d it is beUeved that the antigens are polysaccharide in 
nature in Groups D, E, F, and G 

differentiatmg bacteria in general have 
deteil^ ^ steeptococci. It is not feasible to discuss them m 

teiSiratiS foUowmg deserve menUemng optunum growth 

hydrogen ion range, 

presence of fi it production in glucose broth, growth in 

knTblue iftw “ “d reduction o£ methy- 

of differential' m it, , 1 ^”° activity With this formidable array 
“d.“ ™occi should 


cemmgTe' stt'^ ■nformation then available con 

those studying a^d wS TT 

hsts all of the unportant ^ “ncroorganisms It 

m man and aninLls and^thl"^ streptococci causmg mfection 
which frequently are found m 
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The differentiation of the strains of streptococci occurring in 
man from those found in animals has been one of the problems of 
bacteriologists Present-day methods have aided m accomplishmg 
this problem It has been conceded for many years that two animal 
species, Streptococcus agakctiae {ma&titidis of Sherman) and 
Streptococcus eqtii are distinct species and may be recognized by 
their cultural and physiological characteristics Furthermore these 
species occui m the cow and horse respectively, neither bemg 
transmitted to man 

It was demonstrated by Davis m 1912, and since then by other 
mvestigators that Str pyogenes may be transmitted from mfected 
human tissues by the milker to the bovine udder where it may 
locahze and may produce a typical mastitis The growth of organ- 
isms in such tissue serves as a potential hazard to human health 
in. the form of milk-borne epidemics of scarlet fever and septic sore 
throat Acute bovine mastitis also may be caused by a hemolytic 
streptococcus of animal origm This organism was named Str zoo- 
eptdemtcxis by Frost and Engelbrecht m 1936 In the process of de- 
tectmg the infected cow m milk-bome epidemics, it is obvious that 
methods should be available for the differentiation of Str pyogenes 
and Str zooepidemicus These differences are clearly established 
by Lancefield’s grouping and by the use of sorbitol (see Table 15 1) 
When the technic of serological typmg by Lancefield became 
widely used, it became evident that numerous unrelated strains, 
m fact species, of streptococci weio placed m Group C The 
reco^ution of Str equt as a definite species was accepted but the 
classification of other strains presented more of a problem In the 
absence of better terminology these strains were referred to as 
“liumau or "animal C" dependmg on their source In their 1940 
review of the streptococci. Frost and Engelbrecht described and 
used the name Streptococcus equisimihs for strains of streptococci 
fittmg the characteristics of *'animal C” strams The studies of the 
hemolytic streptococci by Evans in 1944 reveals that Str equtsi- 
milis may be found m a wide variety of human and animal tissues 
where they produce infection While these studies do not differen- 
tiate the strams isolated from man from those isolated from animals, 
It has been demonstrated by Hansen that they may be distmguish- 
ed by the fibrmolysis test of Tillett and Garner Hansen found that 
twenty-mne of the animal strams failed to cause the lysis of human 
fibrin, whereas the strams isolated from man were able to do so 
The species of the genus 5treptococcus which will be discussed 
in detail are Streptococcus pyogenes^ Streptococcus zooepidemicus, 
Streptococcus agalactiae. Streptococcus uberts, Streptococcus dys- 
galactiae. Streptococcus equt. Streptococcus equisimihs, and Strep- 
tococcus cams 
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Stepiococcus pyogenes 

Synonyms. Str erysipelatos, Str puerperalis. Sir septicus, Str 
articulorum, Str cnginosus, Str scorlatinne, Str epidemicus, Str 
hemolyticus 

Distnbution and Transmission The organism is foimd univer- 
sally where man has lived for some tune It is present on skm and 
TABLE 151 

DhTTREXTTAL CHARACTERIStICS OP STREPTOCOCCI AiTECTD»C AMIIALS 
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cultures a few decolorized cells may be observed Capsules are not 
produced by the majority of strams when grown under ordinary 
conditions Certam variant strains have been described which do 
produce capsules These stiams have been Icnown under the name 
of Str eptdeviicus Other strains produce capsules early in the 
growth period upon enriched 
media 

Growth Requirements and 
Characteristics. The organism 
may be isolated upon common 
media from infected tissue, al- 
though media to which blood, 
serum, or ascitic fluid is added 
obtains and mamtams more 
satisfactory growth It is aero- 
bic and rmcroaerophilic and 
has an optimum growth tem- 
perature of 37°C 

On solid media the colo- 
mes are small, smooth, ghsten- 
ing, dewdrop-Uke, finely 
granular, and with age be- 
come opaque with a raised 
central portion See Figure 
13 2 No pigment is produced On blood agar, beta type of hemoly- 
sis IS distinct after 24 hours mcubation Bouillon is uniformly 
clouded in eaily stages of growth, forming a finely granular sedi- 
ment as the culture ages, which settles on the sides and bottom of 
the culture tube No pellicle is formed 

Resistance. A temperature of 60°C for 30 minutes kills the 
orgamsm, and boiling is effective immediately The commonly used 
disinfectants at standard concentrations are effective The orgamsm 
perishes rather quickly on laboratory media, and for that reason 
must be subcultured at least once each month Cultures may be 
mamtamed longer in blood bouillon, sealed tightly or in a semi- 
solid agar 

This streptococcus, m common with all of the pathogenic 
species of streptococci, is sensitive to sulfanilamide, penicillm, and 
Aureomycm 

Bioclicimcal Properties Str pyogenes produces acid but no 
gas from glucose, lactose, salicm, sucrose, trehalose, and some 
strains from mannitol, and does not ferment sorbitol, mulm, arabi- 
nose, or raffinose It produces a final pH of 6 0-4 8 m glucose broth 
Gelatin is not hquefied Milk is acidified but rarely coagulated 
Indol is not formed Nitrates are not reduced Sodium hippurate 



wak Documenta Microbiologica, cour- 
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streptococci of Group C It is found also as a natural component of 
many tissues of the animal body where it appears to serve as a 
“contmuity substance” between cells and tissue spaces It is not 
antigemc and its role m the infectious process is unkno\vn unless 
it acts as a phagocytosis mhibitmg material. It has been shown 
that when capsulated streptococci are treated with hyaluromdase, 


they become susceptible to phagocytosis 

Certain other strains of streptococci produce hyaluromdase that 
IS recognized as the important enzyme m the substance referred to 
as “spreading factor ” The most significant property of this material 
IS its abihty to attack hyaluromc acid thereby permittmg the spread 
of streptococci and their products For this reason hyaluromdase 
IS considered a factor m bacterial virulence, although critical 
experiments to prove this relationship have not been too successfuL 
Pathogenicity. Streplococcus pyogenes causes a number of 
diseases m man It is associated with scarlet fever, septic sore 
throat, tonsillitis, \ arious suppurative inflammatory conditions, 
septicemia, focal infections, ulcerative endocarditis, rheumatic fever, 
puerperal sepsis, and erysipelas It may be a secondary mvader in 
such diseases as diphtheria, measles, smallpox, tuberculosis, pleur- 
isy, and pneumoma The organism mvades the bovine mammary 
gland, producmg mastitis In such instances it is transmitted 
from an infected person durmg the milking process 'When such 
occasions occur, a nulk-bome epideouc of scarlet fever or septic 
sore throat may result. Evans studied m some detail the data 


concemmg 29 mdk-bome outbreaks of streptococcal infection m 
man m order to determine the agglutinative type of the orgamsm. 
The abihty of certam strains of Str pyogenes to produce scarlet , 
fe\er and for other strains to produce only sore throat is empha- 
sized m her report It has been noted by other mvestigators that 
It is difiBcuIt to distmguish between septic sore throat and the sore 
toat present m scarlet fever The charactenzaUon of a milk- 
TOme outbreak as sepUc sore throat or as scarlet fever, often 
epen on whether the population mvolved ha«i experienced a 
recent natural epideimc of scarlet fever If such is the case, they 
have become skm immune to erythrogemc toxin but not throat 
streptococcus. Alford, Gunter, and Edwards re- 
the isolaUon of Group A streptococci from the gemtal tract 
^ Six of these cows were con- 

the ceniUil w* breeders but the infection disappeared from 
the ^nital tract before concepUon occurred. 

mouse Pl/ogenes are highly virulent for the 
rabbit The guinea pig is more resistant 

produced by one’s having had an 
oxm of the scarlet fever streptococcus will produce 
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a skin immunity in persons having that disease. The resistance of 
throat tissues, however, which are the usual seat of the infection, 
does not appear to be increased; in fact, recovered patients may 
remain carriers of the organism for considerable periods of time. 
Bacterin and vaccine therapy in Streptococciis pyogenes infection 
have been found to be of value in some cases. Immune serum, 
especially scarlet fever antitoxin, has been shown to be of great 
value in treating cases of scarlet fever. 

Diagnosis of Str. pyogenes Infections. Direct smears of the 
exudate from the lesions of the disease usually reveal long-chained 
streptococci which may be considered sufficient for the usual 
diagnosis. Hemolysis may be detected only by the use of blood 
media. To satisfactorily place the organism in its correct group, the 
Lancefield technic must be used in conjunction with other bio- 
chemical tests. 

Streptococcus zoaep/demieus 

Synonyms and History. Str. pyogenes, ^‘animal pyogenes/’ Str. 
qeniialium. 

The organism has been isolated from numerous types of tissue 
and from a variety of species of animals. In most cases it has been 
considered similar to Str. pyogenes. In 1929 Ogura demonstrated the 
distinction between the human and animal strains, and in 1933 Ed- 
wards defimtely revealed that two distinct species exist. The anti- 
genic classification of Lancefield shows that the strains of strep- 
tococci usually affecting man belong in Group A; whereas, the 
strains found in animals are placed in Group C. 

Distribution and Transmission. Str. zooepidemicus is universally 
foimd where domesticated animals are kept. The organism com- 
monly produces sporadic infection in animals; however, some cases 
of bovine mastitis have been reported. 

In Kentucky the organism has been encoutered as a cause 
of genital infection in mares and is, no doubt, transmitted by 
coitus. Whether the presence of the organism in the genital tract 
of normal mares indicates an immune carrier state, or whether the 
organism is normally present and infection indicates a decrease in 
resistance is not known. In a study of the hemolytic streptococci 
isolated from swine, Collier reported two strains of the organism 
from suppurative arthritis, one strain from a cervical abscess, and 
one strain from vegetative carditis. 

The presence of the organism in so many species of animals sug- 
^ gests that cross-infection among animal species may occur; for 
example, it is possible for this streptococcus to be transmitted from 
the genital tract of a mare to the odder of a cow if both animals are 
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kept in the same barn lot or to both or either cows and horses 
from an infected pig or to pigs from an infected horse or cow 
Morphology and S taining Str zooepidemicus is not significantly 
different from Str pyogenes to warrant repetition, however, the 
fact may be emphasized that recently isolated strains of the organ 
ism produce capsules especially when grown upon blood or serum 
media It is Gram positive although some strains are easily de- 
colorized and m most stamed preparations an occasional Gram- 
negative cell may be found 

Growth Requirements and Characteristics This streptococcus 
IS grown readily on meat infusion agar upon first isolation from 
infected tissues but needs serum or blood m the medium m sue 
cessive subcultures The addition of tryptose to the medium de 
fimtely increases growth The organism is aerobic and microaero 
philic Optimum growth temperature is 37®C 

A flocculent growth is formed on the bottom of tubes of bouillon 
with a clear supernatant liquid Some strams are found to produce 
a faint cloudiness m bouillon On serum agar, colonies of this organ- 
ism are larger and more moist than other species of streptococci 
The colomes show a tendency to become dry and shghtly wrinkled 
as they age 


Str zooepidemicus is decidedly beta hemolytic Wide zones of 
hemolysis are present around colomes On pour plates of blood agar 
the orgamsm forms relatively large spreading colonies between 
the medium and the bottom of the Petri dish In the medium itself 
colonies are large and flatly lenUcular 


Resistance The organism is not resistant to desiccation or sun- 
light Laboratory cultures pensh unless they are transferred regu- 
larly once a month The thermal death pomt is 68'’C in 10 mmutes 
It IS easily killed by the ordmary chemicals used m disinfection 
Biochemical Properties Streptococcus zooeptdemtcits forms 
acid m lactose salicin, sorbitol, glucose, and sucrose Some strams 
produce acid in maltose Arabmose trehalose, rafflnose, inulm 
om 0 popu glycerol rhamnose, dulcitol, sorbose, erytbntol, 
4 Sodium hippurate is not hydrolyzed 

esculmisnotspbt gelatin is not hquefied Milk 
of sS?** "’‘f K produoi a final pH 

reduci ” ® Nitrates are not 


Groi^?o£TMSfield ' zooeptdemteus belongs to 

of blood evident by the marked hemolysis 

not produce flbnnolys 


as was demonstrated by Tdlett and Gamer 
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Patliogcnicity. This streptococcus may be called the beta 
hemolytic streptococcus of animals and bears a pathogenic relation- 
ship to those species as does Str pyogenes to man The organism 
produces severe infection, often ending m septicemia and death 
Among the animal hosts the horse appears to be the most sus- 
ceptible In the mare the organism has been isolated from cases of 
cervicitis and metritis, and it has been considered to be the cause 
of abortion and sterility It is the principal mfectmg agent m navel 
infection, jomt infection, peritonitis, and septicemia m very young 
foals The organism has been recovered from the semen of mfected 
stalhons Infection m the horse is not confined to the genitalia, for 
cultures have been obtained from the respiratory tract following 
influenza as well as from subcutaneous wounds m various parts of 
the body 

In the bovme this streptococcus may cause cervicitis and metri- 
tis It IS often associated with mastitis m the cow, and some investi- 
gators consider it the cause of acute septicemic conditions which 
follow some cases of mastitis Fortunately it is not as frequently 
involved m bovme mastitis as are other udder streptococci Because 
of the presence of this organism in the udder of cattle and its 
resemblance on blood agar to Str pyogenes, it was once thought to 
be pathogenic to man At the present time it is not considered 
capable of producing infection m man, although Fiost and Engel- 
brecht report the isolation of cultures from the throats of dairy 
employees not in contact with infected cows It must be remembered 
that Str pyogenes can cause infection in the bovme udder, hence, 
it may be transmitted to man through the milk supply Smce this 
IS true, it is imperative that marked beta hemolytic strams of udder 
streptococci be subjected to further laboratory diagnosis 

This streptococcus has been isolated from cases of arthritis 
adenitis, abortion, wound infection, and septicemia in swine 

Cultures of the organism have been recovered from foxes 
which have died of pneumoma as well as from the lymph gland of 
a sheep The organism is capable of kiUmg rabbits by mtraperitoneal 
injection, but guinea pigs and rats are resistant Mice are susceptible 
and succumb quickly 

Immunity. An animal is not rendered immune by an infection 
produced by this organism An increased phagocytic activity prob- 
ably exists during and following an infection, but it does not per- 
sist It is commonly mcorporated in mixed bacterms which are 
used for domestic animals 

Diagnosis It is apparent that an infection produced by 
Str zooepidcmxcus can be diagnosed correctly only by the isolation 
and identification of the culture This organism is beta hemolytic, 
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ferments sorbitol but does not ferment trehalose nor hydrolyze 
sodium hippurate These criteria m addition to the identification of 
it as belonging to Group C by the Lanccfield techmc are sufficient 
for diagnosis 


Streptococcus agafactiae 
Streptococcus dysgafactiae 
Streptococcus uberis 


These three species of streptococci are biochemically and sero- 
logically different however they are associated with bovme masti 
tis and are usually referred to as the mastitis streptococci Smce 
these species of streptococci are simila r and arc encountered m 
the same tissue it is deemed advisable to discuss them as a group 
Synonyms and History Str ogalactwc was first isolated from 
cases of mastitis m cows and described by Nocard and MoUereau m 
1884 and in subsequent publications in 1885 and 1887 Although 
numerous udder streptococci were described by various investi 
gators durmg the following years the next most significant descrip 
tion was by Kitt in 1893 Lehmann and Neumann used the name 


Streptococcus agaloctiae in 1890 and Migula Str masUtidis ui 1900 
The former name has been generally adopted for the organism 
Up to 1929 nearly all cases of streptococcic mastitis were thought 
to be caused by Str agdactiae Minelt Stableforth and Edwards m 
that year pointed out that some cases of mastitis were caused by 
streptococci with characteristics different from those of Str agalac 
Uae These orgamsms were designated by them as non hemolytic 
group II Further work by Edwards revealed a third type of strep 
! designated as non hemolytic group HI hi 

1930 Diemhofer descnbed streptococci from mastitis cases which 
groups II and III of Mmett Stebleforth 
an wards Later 1932 Diemhofer suggested the names Str 
dysgalacUae and Str ubens for the streptococci which corresponded 
to groups II and HI respecUvely These species names have now 
been adopted for these two organisms 

These three species of strep- 
are kent T ^ distributed and are found wherever dairy cows 
as 80 oer streptococcus mastitis is often high As high 

me en. "tpotted in large dairy Lrds Few 

Ss con '"‘“e are a nmnber of 
understood at ^^mission of mastitis which are not clearly 
common manner however it is generally agreed that the most 
teat CUDS of tb ng it is by the hands of the milker or the 

ca;lhroftSm";rg^Ui“t^ “ 

attemp? from 1'’°’'“°" Str agalactiae nme times m 28 

empts from the external surface of the teats of infected quarters 
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In all cases, a minimum of eight hours had elapsed from the time of 
milking and the organisms were recovered as late as the fifth day 
follo\ving the last milking. 

Morphology and Staining. The morphology and staining of 
Sir. agalactiae and Str. dysgalactiae are not significantly different 
from Str. pyogenes. Str. ttberis shows less tendency to form long 
chains, usually occurring in pairs or ^ort chains. 

Growtli Requirements and Characteristics. These organisms 
may be isolated directly from milk taken from an infected udder. 
The incubation of the milk sample for 12 to 24 hours insures 
greater success. They may be readily grown upon nutrient media to 
which serum or blood has been added. The use of sodium azide, 
crystal violet blood agar facilitates the isolation of these organisms 
from milk samples which may have become contaminated witli 
other bacteria. It is aerobic and microaerophilic and grows best 
at 37°C. There are no significant differences in colony characteristics 
among these three organisms- They appear upon solid media as 
discrete, transparent, dewdrop-like colonies which are characteristic 
of the streptococci. Growth in liquid media is somewhat variable. 
Str. agalactiae and Str, dysgalactiae usually produce a flocculent 
growth in the bottom of the tube with a clear supernatant liquid 
above, while Str. uberis produces a uniform turbidity in broth 
medium. Str. agalactiae produces a narrow zone of beta or alpha 
hemolysis or no hemolysis at all upon blood agar. Hemolysis never 
extends as far from the colony as with Str. pyogenes. Brown has 
described characteristic “double-zone” hemolysis by beta hemolytic 
strains of Str. agalactiae if the blood agar cultures are refrigerated 
after 24 hours incubation at 37*^0. 

Str. dysgalactiae and Str, uheris are described as non-hemolytic; 
however, some strains produce beta hemolysis when they are 
grown on sodium azide blood agar. 

Resistance. Resistance of these species in general is similar to 
that of Str. pyogenes; however, Str. agalactiae has been found in 
pasteurized milk. This would suggest that this organism is able 
to resist pasteurization temperatures occasionally while Str. pyo- 
genes has never been sho\vn to survive proper pasteurization. 

Watts has shown that Str. agalactiae remained viable for three 
years after a milk culture had been thoroughly desiccated over 
pure sulphuric acid. In a relative humidity greater than 60 per cent 
the organism perished in eleven weeks but in a relative humidity 
of 10-25 per cent it remained viable for three years. 

Spencer, McCarter, and Beach concluded that Str. agalactiae 
died out rapidly in barn bedding; most of the organisms were dead 
after 24 hours but a few lived as long as six to nine days. These 
investigators found the organism on the hands of dairy attendanU 
who hand*milked infected cows. 
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Biochemical Properties. Ilie biochemical properties of these 
three organisms are alike m that they do not produce indol, liquefy 
gelatm or reduce nitrates Table 151 shows the reactions on the 
various test media which may be used in differentiating these strep- 
tococci 

Antigemc Structure and Toxins Str agalacttae is placed m 
Lancefield’s Group B and appears to be the only defimte species m 
this group Four subgroups, namely la, Ib, 11, and III, have been 
described under Group B Sfr dysgalacttae has been placed m 
Lancefield’s Group C The antigenic structure of Sfr uberxs is very 
heterogeneous Most strains show no serological relationship to 
established Lancefield groups or to each other, althou^ they appear 
to be identical biochemically It has been suggested that the antigenic 
structure of this organism is lackmg m type-specific substances 
The production of hemolysin by this group of streptococci is 
not marked Some strains of Str agalacltae produce a soluble hemo- 
lysin, while the other two species do not An erythrogenic toxin is 
not formed Fibnnolysin has not been demonstrated 

Pathogemcity. It is generally conceded that a large per cent 
of cases of mastitis in badly infected herds is caused by Str 
agalactuie It causes a parenchymatous mastitis which is char- 
acterized by acute onset followed by a progressively chronic condi- 
tion resulting m fibrosis of the infected gland Infection is usually 
permanent carrying over from one lactation to another and with 
occasional "acute attacks” of the disease 

1 caused by Str dysgalactxae is less frequent, usually 

ess an per cent of the cases of streptococcic mastitis are due 
to this organism The disease is usually more acute with less 
endcncy toward chronic, permanent uifecUon than m the case ot 
wh.cjffr^T associated with an acute masUtis 

tendtil ^ transient with less 

fomd ih “tfection This organism also has been 

Less than ° Without producmg any disturbance 

found^o h streptococcic mastitis are 

lound to be caused by this organism 

Imcclt tfla variable depend- 


mg largely upon the 
it may appear j 


severity and stage of infection In acute stages 
dead tissim rnii ^ mass composed of purulent exudate, 

eSos narL“°" I" ‘=taon.c 

a slight mcroasfrAr-"’!-“i macroscopically, but there , 
streptococci 
These 


. — W.C4C usually IS 
num r of leucocytes and a large number of 

the bovine nor h^Tth*^*^ P^Jhogemc for farm animals other than 
organ except , he ^ boon found to be pathogenic for any other 
oept the mammary gland of the co^. Although Str aga- 
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lacttae has been isolated from various tissues of man, it is consid- 
ered to have only an opportunist role in human disease processes 

Experimental animals have been considered resistant to Str 
agalactiae Kaplan et al have shown, however, that when a stram 
of the organism is passed through a series of four mice, increase of 
virulence results 

Immumty Immunity is not produced by an attack of mastitis 
due to Str agalcLctiae Cows may be contmuously infected for years 
Bacterms have been used m treatment with httle success Auto- 
genous bacterins have been used also and have appeared to be 
more valuable Spontaneous recoveries of cases of mastitis due to 
Str dysgalactme suggest a possible immunity, however, little work 
has been done on this subject 

Diagnosis The cultivation of streptococci from the milk is 
indicative of mastitis This may be done by incubating a sample of 
milk from an infected udder using the milk as the culture medium, 
or the organism may be giown on any other suitable medium Blood 
agar is preferred as it not only grows the organism but also shows 
its action upon blood Sodium azide, crystal violet blood agar is a 
more valuable medium for the routine isolation of streptococci 
since it inhibits the growth of contaminants which may be confusmg 
The demonstration of streptococci m milk should be followed by 
identification of the organism for accurate diagnosis Inoculation of 
the organism mto the test media shown in Table 15 1 will accurately 
diagnose the disease and differentiate the organism from the 


saprophytic streptococci which are occasionally present 
J \^.xHotis and Miller ha ve devised a test for the detection of St r 
agalactiae infection, but it is much less accurate m detectmg othe r 
streptococci such as Str dysgalactiae The test is performed by add- 
mg 0 5 ml of sterile 0 5 per cent aoueous solution bromcresol- 
purple to 9 5 ml of milk * ^e milk is incubated 24 hours at 37°C , ^ 
^d the test is rea d The ^pearance ot canary-yellow colomes of 
arterial growthT along th e walls and in t h^ bottom ot the test tub e 
IS di^hostic ot atr agalactiae mtection The yellow color formed 
around the colonies is due to the fermentation of lactose to acid 
which changes the bromcresol purple to the yellow range of the 
mdicator Although Str dysgalactiae and Str uhens are capable of 
fermenting lactose, they never grow m clumps as does Str agalac- 
tiac The gro^h of Str agalactiae m clumps in this test appears to 
be associatcdwith agglutination 


'■‘^11/^44 Christie, Atkms, and Munch-Peterson reported a re- 
daction which since has become known as the CAJMP Test They 
observed that around colonies of staphylococci cultured on bovme 
blood agar a double zone of hemolysis occurred In this type of 
hemolysis, called alpha-beta hemolysis, a clear zone of beta hemol- 
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ysis IS surrounded by V darker zone of uicompletely hemolyzed 
erythrocytes When milk containing mastitis streptococci was cul 
lured on bovine blood agar plates containmg colomes of alpha beta 
staphylococci, the colonies of streptococci growmg in the alpha ^ 
zone were surrounded by a wider zone of beta hemolysis than was 
observed m colomes growmg elsewhere on the plate Murphy, 
Stuart and Reed m 1952 observed that 96 6% of the cultures of 
Str agalactiae were positive to the CAMP Test, 851% of the cul- 
tures of Str uhens were positive, and none of the cultures of Str 
dysgalactiae were positive They have considered the test of value 
in typmg the mastitis streptococci 

Various mdirect methods have been devised for the diagnosis 
of mastitis, but do not identify the causal agenL These tests include 
the chlorid^?^ catal^e, str^^^p and bromdyyfnol blue tests 

Streptococcus equi 

Synonyms and History The disease, strangles, in horses has a 
long recorded history It was described by SoUeysel m 1664, and its 
contagious nature was determined by Lafosse m 1790 Apparently 
a streptococcus was first considered to be responsible for the disease 
y Hivolta in 1873 when he described cocci found m exudate from 
typical cases of strangles In 1886 Perroncito observed the same 
type of cells in exudate «ind considered them to be the cause of the 
disease Baruchello is credited with bemg the first to isolate the 
orgam^ m 1886 and to reproduce the disease Sand and Jensen 
described the organism m 1887 and are credited with bemg the first 
to use the Streptococcus cqui m 1888 Schutz isolated and 

in 1888 In his classification 
’ f Streptococcus capellem Matzu- 

In ^ Streptococcus contcpiosae equontm m 1902 

in 1913 Bongert used the name Streptococcus Schutz 

there Transmission, Str equt appears wherever 

PonuIation^°^^ EpizooUcs of strangles constantly occur m horse 

hor^^'i f evidence that mfected 

the mlccUon f a earners of the organism and are sources of 

the mlocuon for considerable periods of tune 

docs S'Sr^mtfe*^'’’' ^ .>3 general appeamnee Str cgu. 
COCCI are usinttw r a species of the group Long chains of 

howeier short mfected animals, 

they me ‘‘ *3 bebeved that 

many of the cocci in me &P^es may be demonstrated on 
from media conlainmo *“i“"3 “£ the disease and 

“”‘3imnB serum. He organism « Gram-posltive, but 
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it may be decolorized more easily than other members of the group. 
It is easily stained by the aniline dyes. 

Growth Requirements and Characteristics. In most cases, the 
organism is isolated in pure culture from the deeper portion of the 
characteristic abscesses. More abundant growth is obtained upon 
primary isolation by the use of slightly alkaline, serumized media 
under microaerophilic conditions. The organism is the most difficult 
to cultivate of any of the streptococci. Colonies are small, convex, 
and transparent. In water of the agar slant it produces a whitish, 
flocculent precipitate. In agar stabs, nodular outgrowths from 
the line of puncture develop. In broth, the majority of strains form 
a flocculent deposit with a clear supernatant fluid. Some strains 
produce uniform turbidity- Colonies on blood agar are moist, 
mucoid-like, even though they are small. A wide zone of beta 
hemolysis is produced on blood agar. 

Resistance. Str. equi is more resistant to heat than some of 
the other species although it is not as resistant as some previous 
investigators believed. It is killed promptly by boiling, in 10 
minutes at 65°C. to 70°C., and in 50 minutes at 60°C. The cresol 
compounds destroy the organism readily. Gentian violet also exerts 
a marked action. Mercury salts appear to be less effective. It is 
more resistant to disinfectants and to desiccation when it is present 
in purulent exudate. 

Biochemical Properties. Acid is formed from glucose, salicin, 
sucrose, mannose, galactose, and maltose. It fails to ferment lactose 
and sorbitol, which serves to differentiate it from Str. pyogenes and 
Str. zooepidemicus. It also fails to ferment mannitol, trehalose, 
arabinose, raffinose, inulin, and glycerol. Litmus milk is not 
changed. Sodium hippurate is not hydrolyzed. Nitrates are not 
reduced. It does not grow in 40 per cent bile-blood agar. It is not 
bile-soluble. Gelatin is not liquefied. 

Antigenic Structure and Toxius. The organism belongs to 
Group C of Lancefield's classification. Antigenic subtypes have not 
been reported. Bazeley studied 32 strains of the organism collected 
from 26 distinct outbreaks of strangles in Australia. By cross- 
protection tests in mice he found definite cross protection by the 
univalent serum against all strains. It forms hemolysin and lou- 
cocidin, but docs not produce erythrogcnic toxin. Some strains arc 
reported to lyse liuman fibrin alUiough the majority fail to do so. 

PalhogcnicUy. 5trcptococct« cqui is considered one of the main 
causes of strangles, whlcli is most prevalent in young horses. It is 
often a secondary invader in respiratory diseases such as influenza 
and contagious pleuropneumonia of horses. It may bo found in 
the genital tract of the mare. Strangles is first characterized by 
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a catarrhal discharge with mfiammalion of the nasal mucous 
membranes followed quickly by a swelling of the adjacent 
lymphatic glands and of the submaxillary and pharyngeal lymph 
nodes m which abscesses generally develop The mfcction spreads 
through the lymph channels, but generally remains localized m 
the tissues adjacent to the origmal pomt of mfection Metastatic 
mfections may occur m any of the organs of the body, and m the 
chronic types of the disease, great variations m localization are 
found Fatal termmation is rare, but sometimes occurs, due to 
septicemia, pyemia, or pneumonia 

Subcutaneous moculation of the organism into the horse wU 
usually provoke abscess formation at the pomt of injection The 
mtroduction of pure cultures mto the nasal cavity of young, suscep- 
tible horses gives rise to the characteristic purulent catarrh wth 
secondary abscess formation m the lymph nodes It is obvious that, 
in addition to age, other predisposmg factors, such as exposure to 
cold and fatigue, lower the resistance of animals to the disease 
Vanations in the virulence of the organism may account for the 
epizootic character of the disease Bazeley has shown that cultures 
o Str egtn four and one-half hours old are much more virulent 
man cultures twenty-four hours of ago He attributes this to the 
4 ^^ charge of the young cultures as compared to 

e 0 He believes that this explains why young, actively multi- 
plying streptococci are not readily phagocylizcd 

Pus from abscesses m strangles kilb white rmce, with evi- 
aence of acute septicemia in two to four days, or after a longer 
onmi f ^ ^ ^ pyemia An abscess generally develops at the 

tinn ft ation Rabbits and gumea pigs succumb to the mjec- 
of the organ^m, but ore not readily infected 

sicen'tSleT’ '“-^‘ant Man is not 

susceptible to the orgamsm 

conferred by an attack of Sfr egu. 
■biase but r attacks of the 

Armais L ■=£ Ac first attack 

“w "'^-ataut to the disease These 

value ^ assumpUon that artificial immumzation is of 

pletel™i““ctc^'^lLS''S^ have not given com- 

IS more successful thao tt. ^ ^ ^ herd-autogenous bacterm 

reported fa^orsHa ^ u r P»l5™alent baeterins Allen has 

be prepared by placSg ftc°mT”? “ Py°''“Ccu>c which 

ether for 12 hours fnlln A i. an abscess in contact with 

solution Richters h ^ subsequent dilution with sterile salt 

muneser.^t^StauL?r“T''*^ a polyvalent im- 

y with a methylene blue treated vaccine 
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Bazeley m Australia has produced an effective vaccine by ex- 
posing very young cultures of Str equt to moderate heat for a short 
tune The use of this vaccine reduced the incidence of strangles m 
horses to a significant degree 

Immune serum used at once after the appearance of symptoms 
IS of value in reducmg the severity of the disease and preventmg 
sequelae Convalescent serum has been used with evident success 
Diagnosis. Presumptive bacteriologic diagnosis may be made 
by identification of a Gram-positive streptococcus from the lesions 
characteristic of the disease Smce Str zooeptdeimcus also may be 
found m upper-respiratory diseases of horses, it is necessary to dis- 
tinguish between it and Str equt by the use of appropriate media 
Serological reactions have not been used in the diagnosis of the 
disease 

Streptococcus equisimi/is 

Synonyms and History. This streptococcus has been described 
under various names, such as Str equi, “animal pyogenes,” Str 
pyogenes However, most workers have called attention to the 
characteristics which have mdicated that a separate species really 
exists 

The name 5tr equisimtlis was proposed by Frost and Engel- 
brecht m 1936 to designate strams of streptococci which belonged 
in Lancefield Group C but which were biochemically different from 
Str zooepidemicus and Str equt 

In her detailed studies of the hemolytic streptococci m 1944 
Ahce Evans has described this species more thoroughly and has 
called atttention to the different species of ammals from which it 
may be isolated as well as from man 

Distribution and Transmission. This organism, apparently, is 
one of the species of streptococci which may be found among people 
and various species of animals throughout the world In common 
With other members of the genus it is transmitted directly from 
animal to animal by close contact and by water and feed to which 
animals have common access 

Inasmuch as Str equisimtlis is found in both animals and man, 
there is every reason to assume that animals may serve as a source 
of human mfection Instances have been reported where infection 
caused by the organism m man has followed contact with exudate 
from a case of strangles m the horse, which likewise was caused by 
this streptococcus No doubt there is freer exchange of it between 
ammals and man than is generally recogmzed 

Morphology and Staining There is nothing peculiar nor differ- 
ent about Str equisimtlis which can be used to differentiate it from 
other streptococci It does not produce capsules 
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Growth Requirements and Characteristics Str cquisinuUs is 
not as fastidious as Str pyogenes or Str cqui in its growth require- 
ments It will grow rather abundantly on meat infusion agar 
Blood agar which should be used routinely for the primary isola- 
tion of all streptococci, is the most suitable medium On this 
medium the organism grows abundantly and produces marked 
beta hemoljsis Tlie zones of hcmol>sis average 10 mm The 
colonies are discrete and opaque 

In fluid media this streptococcus forms a fairly heavy sediment 
in the bottom of the tube Some strains show initial cloudmg of the 
medium which clears as the culture ages 

Resistance The action of chemicals on Sir cquisiinihs is 
similar to other members of the genus 

Rioclicmical Properties Str cquisnmhs produces acid in glu- 
cose, maltose, sucrose, trehalose, and glycerol Animal strains uni- 
formly produce acid m saUcm but some strains isolated from man may 
fail to fennent that carbohydrate Most strains from cither animal 
or human sources do not ferment lactose, but occasional strains 
may be isolated which wiU produce acid No acid is produced from 
sorbitol, mannitol, arabinosc, mulm, or rafTmose Slight acid may 
e produced m milk by certain strains, otherwise no change is 
observed m that medium It does not hydrolyze starch and esculm 
Ammonia is produced m peptone medio Gelalm is not bquefiod 
i^tigcnic Structure and Tovins It has been noted previously 
mat i>tr cquwimths belongs m Lanccficld Group C On Uie basis 

strains she studied fell 

mto at least throe diflercnt typos 

relationships, on the basis of cross-protccUon tests, 
Likewi«;p ^ cqujsimihs and Str pyopencs have been recorded 
shins ^ cross protection tests antigenic relation- 

AUV, served between Str equisimilis and Str. cqui 

studied t streptococcus have not been 

!hese .t mdicates that 

genes It is nrnh w ^ similar to those produced by Str pyo- 

J'kiw.so sunLr 

sitmlis were not disTmnf stfauis o£ Str equi- 

found that human straiSof*'" hmchemical reactions Hansen 

^d m^ 

melritu, of the equme w'S'«,o?i‘TacteLs‘rifm^^ to 
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streptococcus from strangles, cerviciUs, and wound infection in the 
equine 

This microorganism has been encounteied by many workers in 
exudates and tissues from the bovme Hadley and Fiost demon- 
strated artificial mfection of the udder and isolated it from milk 
samples from ten cows Evans repoited it m bovme metiitis and 
mastitis Packer has isolated it from mastitis in the cow and Ruebke 
from the prepuce of the bull It is not considered to be a common 
streptococcus m the bovme, comparmg with Str zooepidemwus m 
this respect 

The distribution of the various species of streptococci m swme 
has not received detailed study In his study of the streptococci m 
this animal, Collier has isolated Str equisimths from suppurative 
adenitis, suppurative arthritis, vegetative endocarditis suppuiative 
periostitis, suppurative dermatitis, pneumonia, septicemia, and 
aborted fetus Of 67 stiams isolated from swine, 39 were identified 
as Str equisimihs 

The presence of this streptococcus m pyometria, purulent 
rhmitis, and purulent conjunctivitis m the canine has also been 
observed by Packer In this regard, attention must be called to 
another streptococcus, Str cants, of the dog By referrmg to Table 
15 1 It will be noted that Str equtstmtUs ferments trehalose but Str 
cams does not, thus permittmg the differentiation of these two 
streptococci 

Evans has reported avian strams of Str equisimths which were 
isolated from bronchitis In the discussion of Str gallinarum which 
follows it will be noted that numerous reports of streptococcal 
infections m chickens have been made It is quite difficult to 
determine the species of organism studied in many of the early 
reports because many of the important differential carbohydrates 
were not used Those mvestigators who study avian diseases should 
take particular care m the identification of the streptococci From 
such reports it will be possible to distmguish the most important 
streptococcus m the avian family 

The presence of strams which have been designated as “human 
C in various diseases of man has been known for many years 
In her report Evans has reported cultures from scarlet fever, 
pneumonia, hemorrhagic small pox, erysipelas, lymphadenitis, 
nasal discharge abscessation, septicemia, puerpeial fever, and 
empyema It is apparent that the organism is widely distributed 
Immunity No information is av£iilable concerning the immun- 
ity produced by an mfection with Str equisimths, but it would be 
rather safe to presume that there is no deviation from the general 
rule in all streptococcal infection 
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Diagnosis The mcnmmation of Str cquistmtUs as the infec- 
tious agent m animal and human disease is possible only after the 
isolation and definite identification of the organism 

Streptococcus gallinarum 

Synonyms and History Norgaard and Mohler isolated and de- 
scribed a streptococcus m 1902 which produced a highly fatal 
septicemia in chickens Dammann and Mangold described an en- 
capsulated streptococcus m 1905 to which they gave the name, 
Streptococcus capsulatus galltnarum The organism was associated 
with an epizootic of "sleeping sickness*’ in chickens Moore and 
Mack, 1905, described the organism and the disease In 1908, Grave 
described a capsulated streptococcus of the chicken Magnusson in 
1910 mvestigated a highly acute septicemia of fowls caused by a 
streptococcus Kemkamp, 1927, isolated a streptococcus from 
chickens which had died with an idiopathic peritomtis Hudson 
found a streptococcus associated with fowl septicemia m 1933 
Lack of complete descriptive data does not permit the con 
elusion that all the above mentioned streptococci are of the same 
species but until more definite results have been established, they 
wU be classified as 5tr gallinarum Many of the descriptions suggest 
that some of the strams should be classified as Streptococcus coocpi- 
emicus The failure to ferment sorbitol has been mentioned m 
some reports This suggests that these cultures may have been 
Str equisimilts 

The organism has been found 
the United States, Germany, and Sweden The method of trans- 

''“t the nature of the 

eonwSel le”" “ 

nredom™,°'°®? Short chains of six to eight ceUs 

inlcTcL d a "'ed'f CeUs are 

Sns arf —on Some 

Str gall.uarum can 

added to the surS.*^ ‘"^e'‘ed birds If Wood is 

on agar are white o'/' growth is stunulated Young colomes 
ish centers and hlu if become older, brown- 
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manmtol, and sorbitol, does not ferment lactose m milk sufficiently 
to produce coagulation 

Antigenic Structure and Toxins. Hemolysin and leucocidin are 
produced Nothing is known about antigenic types 

Pathogenicity. The orgamsm is most pathogenic for chickens 
in which it produces a typical acute septicemia It produces a 
peritonitis which accompanies the septicemia Rabbits, pigeons, 
ducks, and white mice succumb to injection of the organism Gumea 
pigs are resistant 

Immimity. Little is known of the immumty produced naturally 
by the infection in surviving birds It has been observed that active 
immunity can be conferred by the injection of bouillon culture 
filtrates and by vaccmation with killed cultures, and that passive 
immumty can be estabhshed by the injection of the blood serum of 
an immunized animal The latter is of doubtful value due to the 
apoplectiform nature of the disease 

Diagnosis. The orgamsm is identified as a Gram positive strep- 
tococcus m smears from the blood and mternal organs as well as by 
culture 

Sf/epfococcus cams 

A study of the streptococcic infections of dogs by Stafseth, 
Thompson, and Neu in 1937 revealed a new species, Streptococcus 
cams This orgamsm and the conditions which it produces in the 
canine were agam discussed by Stafseth m 1940 This orgamsm 
Was the one most commonly found in infected dogs although two 
other types were isolated 

Streptococcus cants is 0 9 to Iji in size, occurs smgly and m pairs 
hut often m chams of varymg lengths The shape and size of the 
individual cells m a smgle chain vary from well rounded forms to 
elliptical or rod-shaped elements It is Gram-positive It is definitely 
beta hemolytic, formmg a zone on blood agar up to 5 mm m diameter 
Colonies of the organism vary from 0 5 to 1 mm in size and are 
convex, smooth, glistenmg, faintly yellowish white, opaque with 
entire margins This streptococcus grows best on blood agar, but 
it will grow on neopeptone chicken infusion agar It forms a fine to 
coarse granular sediment with a clear supernatant fluid when 
grown on neopeptone cliicken mfusion broth Streptococcus cams 
produces acid but no gas xn glucose, lactose, maltose, salicin, and 
sucrose It docs not ferment manmte, sorbitol, or trehalose It be- 
longs to Group C of Lancefiold 

Tlio female genital tract appears to be the natural habitat of 
this streptococcus, and Stafseth, Thompson, and Ncu were able to 
isolate It from the prepuce of a male four da>s after mating to an 
infected female The organism has been isolated from abscesses 
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which have followed antirabies inoculation, emphasizing the fact 
that care must be taken in cleaning and dismfcctmg the skin of dogs 
prior to biological therapy Str cants has been isolated from the 
umbihcus intestines, heart, lungs, kidneys, vagina, blood, peritoneal 
cavity, and femorotibial articulation of pups, hence, it is considered 
to be of considerable significance to very young dogs It is con- 
sidered to be the cause of ‘aad milk” m puppies and is thought to 
be the chief etiological agent in canine tonsilhtis 

The female appears to be a persistent earner of the organism, 
consequently, it is doubtful that immunity folIo%vs an active infec- 
tion Stafseth, Thompson, and Neu treated two cases of articular 
and muscular rheumatism successfully with an autogenous vaceme 
Since other species of streptococci, not as yet sufficiently studied 
to warrant description hero, are found in the dog, accurate diagnosis 
of the presence of Str cants can be obtained only by the isolation 
and identification of the organism 


Miscellaneous Streptococci 

In 1922, Bayne Jones described a hemolytic streptococcus 
which causes a respiratory infection and septicemia of cats, to 
which the name Streptococcus fcltne was given The organism 
was culturally and biochemically identical with Str pyogenes but 
sero ogically distinct It is possible that this organism belongs to 
the ammcl pyogenes” group 

presence of beta hemolyUc streptococci m the lymph nodes 
ot the ce^ical region of swme was reported by Newsom in Colo- 
rado m 1937 and by Stafseth and Cimton in Michigan m 1941 The 
■nvcsHgators did not appear to be 
V. 1 J Chnton reported that their streptococcus 

smirefefS first time such a 

COCCI isnl A reported In his study of strepto- 

were ^oUier found 13 out of 67 strams studied 

were classified as Group L and 5 strains were Group E 

animal ° alpha hemolytic varieties of streptococci in 
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importiS.ee m ‘3 organisms may be of some 
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aborted equine fetus and was belived to have produced the abor- 
tion It grew readily on meat infusion agar, was Gram-positive, 
mdividual cells were oblong lather than spherical and arranged 
in short chains or small gioups The orgamsm was found to be 
monotrichous and cultures grown m semisohd agar showed slight 
growth from the needle track, mdicatmg slight motihty This strep- 
tococcus produced acid but not gas in glucose, lactose, sucrose, 
mannitol, sorbitol, trehalose, and salicm It hydrolyzed sodium hip- 
puiate, reduced methylene blue milk, grew on 40 per cent bile 
blood agar Narrow zones of beta hemolysis were observed around 
deep colonies m blood agar It was found to belong to Group D 
Nonhemolytic streptococci are often found in animal tissues 
Most gamma types are considered saprophytic, and for that reason 
have not been completely studied except from the point of view 
of systematic relationships Many species are of use in dairy manu- 
facturmg They grow well m milk and in milk products, and for 
that leason are of significance in milk sanitation Str lactis is one 
of the most common organisms of this type, however, it is not a 
normal mhabitant of the bovme udder, m fact, it is rarely found 
there It gams access to milk from contammated utensils Recent 
work indicates that its normal habitat is plants, this explams its 
prevalence m raw milk For the detailed description of this and 
other streptococci of significance m milk processing, the student is 
advised to consult Hammer’s text on Dairy Bacteriology 
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The Genera 

Diplococcus and Neisseria 


The organisms m the group of diplococci arc spherical or oval 
m shape, and the cells are usually m pairs All the organisms are 
nonmotile and are nonspore producmg One genus, Diplococcus, pro- 
duces capsules Species of both genera grow sparsely on solid media 
in dewdrop like colonies and ferment carbohydrates with acid for- 
mation only They are strictly parasitic for man and cause specific 
diseases 

The species of this group are placed m two genera, Diplococcus 
and Neissena, the separation is made upon the basis of the reaction 
to the Gram stain and on morphology Diplococcus pneumoniae is 
Gram positive, the cells are elongated, pointed, and capsulated 
Neissena tntracellularts and Neissena gonorrhoeao arc Gram- 
negative, the cells are spherical and noncapsulated 

None of the above species produces disease in animals, but all 
are sufficiently important to Ihc student in animal bacteriology to 
warrant brief discussion Additional references are given at the 
end of the chapter for the convenience of the student 


Oip/oeoccus pneumoniae 

Synonyms and History Pneumococcus, Streptococcus pncu- 
mon^, Diplococcus lanceolatus, FrankeVs pneumococcus 

e presence of cocci xn the exudate from cases of pneumonia 
(1875). Eberth (1881), Koch (1881), Leyden 
nS “o Fned Under (1882) Pasteur Chamberland, and Roux 
of (1881) isolated an organism from the blood 

hnmaT, 'I ® Septicemia followmg the mjection of 

lancet ^ pneumoma, Telamon (1883) observed 

(188417™ which he infected rabbits Frankel 

to give a clear A ^ bemg the first to isolate the organism and 

Weichselbaiim relationship to pneumonia 

pn“T‘S’Ne"u?l“ fa 

m iuuu Neufeld concluded that the organism is bile 
[ 280 ] 
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soluble. Neufeld and Haendel (1910) observed that the pneumo- 
cocci are of more than one serological type. This finding was 
confirmed by Avery, Chickering, Cole, and Dochez in 1917. Since 
that time, Avery and his pupils and many others have contributed 
to the subject. At present thirty-two serological types of pneumo- 
cocci are known. 

Distribution and Transmission. The pneumococci are found all 
over the civilized world exempting no class of people from infection. 
Some of the types of the organism seem to be normal inhabitants of 
the human mouth. It is believed, however, that immune carriers are 
responsible for pneumonia which is caused by the more virulent 
strains. The disease appears as a sporadic one. Epidemics are 
rarely observed, and for this reason predisposing factors, such as 
fatigue, exposure, faulty nutrition, and alcoholism, are considered 
important. The organism is transmitted by hand-to-mouth contact. 

Morphology and Staining. The organism is 0.5 to 1.25 microns 
in size. It usually occurs in pairs with occasional chains of four or 
six cells. It is ovoid or lanceolate with adjacent cells bluntly 
rounded at the point of contact (Fig. 16.1) . Capsules are present 
in. tissue or exudates but absent on artificial media, unless serum is 
present. The organism is nonmotile, does not form spores, and is 
Gram-positive. 

Growth Requirements and Characteristics. The organism may 
be isolated in pure cultures from the blood in some cases. The 
preliminary injection of sputum into white mice aids in the isolation 
of pure cultures. It grows best at 37®C., but some strains grow at 
25°C, in the presence of carbon dioxide. It is a facultative aerobe. 

On serum agar the colonies are flat, moist, discrete, and 
transparent, with a slight elevation of the edges. Some strains form 
mucoid colonies. Dissociation has been found to occur under certain 
conditions. Typical S (smooth) colonies produce R (rough colonies). 
The R types are usually noncapsulated and avirulent. Since the R 
type is often found in convalescent cases, it is thought that recovery 
may be aided by the dissociation of virulent S to avirulent R types 
due to the action of immune serum. 

Alpha hemolysis with the typical green zone around the colony 
is formed in blood agar. Broth is clouded initially witli subsequent 
settling of the cMis as the culture ages. 

Resistance. The thermal death point for Dip. pneumoniae is 
G0°C. for 30 minutes. It readily perishes in cultures but has been 
known to live for considerable periods of time in pulmonary 
exudate. It is readily killed by the common disinfectants. The R 
forms are more resistant than the S. 

Biochemical Properties. Dip. pneumoniae produces acid from 
lactose, sucrose, inulin, usu.illy from ralfinoso. frequently from 
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salicm does not ferment mannitol does not liquefy gelatm, does 
not reduce mtrates does not form mdol The organism is soluble 
m bile (1 10) which is an important distmguishmg characteristic 
Milk serves as a good medium and is acidified and coagulated 
although slowly by some strains 

Antigenic Structure and Toxins The antigemc structure of the 
pneumococci is better known than that of any other group of micro 
organisms The basic antigen 
is composed of nucleoprotem 
which IS contained in the body 
of the cell Covermg this is a 
protem lipoid substance which 
determines the species The 
capsular material is composed 
of complex polysaccharides by 
which the different types are 
recognized 

The agglutmation of or 
gamsms the precipitation of 
extracts or the swellmg of the 
capsule Quellung reaction 
of Neufeld by type specific an 
tisera may be used as the basis 
of type determinations For 
rapid typmg the capsule swell 
mg reaction is used most often. 

Four origmal types of pneumococci designated I II III 
have been considered of greatest unportance At the present time 
thirty two different types have been found Types I and II appear 
lo be most prevalent m the Umted States 

The organism produces a soluble hemolysin and leucocidin. It 
does not produce fibnnolysin for human fibrm but does produce 
a substance which prevents the clotting of rabbit serum 

Pathogematy Diplococcus pn^umontae is the cause of lobar 
pneumoma m man It may cause other types of infection such as 
smmitis oUtis media and meningitis pleurisy peritonitis endo- 
1 .^^ ax^tis Mice are highly susceptible and virulent 
^ quickly Guinea pigs are resistant although 
^‘esemhlmg the pneumococci have been observed m 
pneumoma m that animal Lobar pneu 
taneous t» produced experimentally in the monkey Spon 

has been reported m 
dogs cats fowls 
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FIG t — Diplococcus pneomon 08 
from on ogor culture X 2 000 (From 
Nowok Documento M crobiolog co 
courtesy Gustav F scher) 


are resistant. 
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Immunity. Type-specific immune serum gives favorable results 
in both preventive and curative treatment. Antisera concentrated 
and purified by the technic of Felton show great promise. The 
deteimination of the type of pneumococcus causing the disease is 
unperative for successful treatment Vaccines and bacterins are 
not widely used in immumzation, although numerous investigators 
report that such materials are of value in decreasing the incidence 
of the disease in susceptible populations 

One attack of the disease does not confer an immunity. When 
recovery takes place, increased activity of phagocytes is considered 
responsible. 

Diagnosis. The laboratory diagnosis of pneumonia is concerned 
chiefly with the determination of the type to which the invading 
pneumococcus belongs 

Neisser/a infraceilularis 

Synonyms and History. Dtplococcus intracellulana memn- 
gitwZis, Diplococcus metungtttdts, Micrococcus wetchselhaumiiy 
Streptococcus meningitidis, Neissena meningitidis. 

Marchiofava and Celli were the first to observe the orgamsm 
in meningeal exudate from man m 1884 It was first cultured and 
identified as a separate species by Weichselbaum m 1887 The 
causal relationship of the organism to epidemic cerebrospinal 
menmgitis has been demonstrated since that tune by numerous 
investigators. 

Distribution and Transmission. The disease caused by this 
diplococcus occurs m epidemic form m most heavily populated 
areas It is a disease of some concern in army life Numerous 
epidemics of the disease have occurred in the eastern, part of the 
United States and on the Pacific coast The Middlewest and South 
have escaped serious epidemics The resistant earner seems to 
constitute the chief source of the infection The organism is spread 
by nasal and oral discharges It gams entrance to the nasopharynx 
where it may cause slight inflammatory disturbances Whether the 
organism enters the memnges by way of the lymph vessels or the 
blood stream is not known, but the large percentage of blood 
cultures which are positive favor the latter route 

Morphology and Staining. The organism is spherical, and when 
in diplococcic form the adjacent sides of the cells are flattened It 
varies in size from 0 6 to Ip It is nonmotile, nonsporeforming, and 
noncapsulated Granules of a metachromatic nature are shown by 
the Neisser stam It is Gram-negative. Masses of cells are found 
m polymorphonuclear leucocytes from spinal fluid (Fig 16 2) 
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Growth Requirements and Characteristics The meningococcus 
IS isolated m pure culture from material obtamed from the spmal 
canal by lumbar puncture It grows best on media to which serum 
or blood has been added and the pH has been adjusted to 7 4-7 6 
The colomes on serum agar are transparent, circular, and hemi- 
spherical with a bluish-grey tinge The colonies are larger than 
those of the streptococci but 
not as large and opaque as the 
staphylococci. No hemolysis is 
produced in blood agar 
Growth m broth occurs near 
the surface and produces a 
faint cloudmg; a granular sedi- 
ment forms on the bottom of 
the tube The optimum tem- 
perature for growth is 37®C 
Oxygen is essential for maxi- 
mum growth. 

Resistance The organism is 
easily killed by 55«C m a few 
minutes Desiccation kills cul- 
tures quickly, and they must be 
transplanted often or kept 
tightly sealed m order to main- 
tam them Ordmary disinfect- 
ants destroy the organisms quickly 

Biochemical Properties ffmseno mtracelMans forms acid 
om ^ucose and maltose, does not ferment fnicto'^e, sucrose, and 
anmo, oes not change litmus milk, reduces methylene blue, 
does not form mdol or H S 





FIG 16 2 — Neistftno mtrocellulorit m 
polymorphonucleor leucocyte of cere 
brospmol fluid, X 2,000 (From 
Nowok Doeumenta Microbiologieo, 
courtesy Gustov Fischer) 


Stracture and Toxins. The memngococci are not 
don^o^ H aoUgemc group According to Gor 

tesb T recognized by agglutmm absorption 

knDinoTs“"'“ considerable over 

only tuo types" ° ' groups, and it is practical to recognize 

eym^L"!^,” powerful toxin by which typical 

^Vhether thm f ore produced expenmentafly m rabbits 

evdence n°t known, but 

leucocidm are prod°u<fcd *'”* A weak hemolysm and 

most common^^*^ ‘Pio<=bon is observed 

scute inflammation nf * 1 . joimg adults The disease is an 

exudate The mortality ii! oecompanied by a purulent 

ctahty m the disease is usuaUy high, but not lOP 
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per cent as is often the case in meningitis caused by other bacteria 
Death is thought by many to be due to a toxemia 

Injection of pure cultures of the organism into the spinal canal 
of the goat has been found to produce meningitis, and moculation 
mto the monkey has resulted in a duplication of the disease as it 
occurs m man Rabbits, guinea pigs, and mice are susceptible to 
intravenous and intrapentoneal injections but are killed more 
quickly by subdural inoculations 

Immuni ty. It is probable that an attack of the disease results 
in immunity, although data to this effect are not conclusive 
Polyvalent immune serum is used m treating cases of the disease 
The serum must be injected directly into the spmal canal in order 
to be effective This necessitates the removal of fluid to keep the 
pressure on the cord equalized Vaccmes have been used on a large 
scale in armies, but the results are not available The value of 
vaccine prophylaxis is still m the doubtful stage 

Diagnosis Lumbar puncture, with the demonstration m smears 
of a Gram negative diplococcus, occurrmg prmcipally within the 
leucocytes, constitutes a satisfactory diagnosis The agglutmation 
test may be applied but is not used m practice Some investigators 
believe that the test is of value in detectmg resistant carriers of the 
organism 

Neisseria gonorrhoeae 

Synonyms and History Mtcrococcus gonorrkoeae, Diplococcus 
gonorrhoeae, diplococcus of Neisser, gonococcus 

Neisser, m 1879, noted the occurrence of a characteristic coccus 
m gonorrheal pus Bumm, in 1885 succeeded in obtammg the 
organism in pure cultures and determined the causal relationship of 
the organism to the disease by inoculations into human subjects 
Distribution and Transmission Gonorrhea is found throughout 
the civilized world No class or race is exempt from infection 
Transmission occurs in the greatest percentage of cases by direct 
sexual contact Infection of the conjunctiva may result from the 
use of recently infected towels or from infected hands Infection 
from toilet seats and toilet accessories is possible but occurs rarely, 
this IS equally true of bed linen and clothing 

fllorpbology and Staining Neisseria gonorrhoeae is a typical 
diplococcus The cells are spherical with adjacent edges flattened 
and slightly indented giving the appearance of a kidney bean It 
IS nonmotile, nonsporeformmg, and noncapsulated It stains Gram- 
negative, which is important, as this renders possible differential 
diagnosis between the common staphylococci and the gonococcus 
Microorganisms are abundant in the purulent secretion of a typical 
infection, many are present m polymorphonuclear leucocytes (Fig 



/ 


» 'j 

N. 




. 4 ”.‘ 




. ^ 


286 Velennary Bacteno/ogy and Viro/ogy 

16 3) Methylene blue and Wright’s stain are especially suited 
(or the direct staming of such smears 

Growth Requirements and Characteristics Growth is best ob- 
tained on media to which serum or ascitic fluid has been added It 
is a strict aerobe, and the optimum temperature for growth is 36°C 
Surface colonies on serum agar are thin, greyish, opalescent, amor 
phous, and glisterung with en- 
tire edges and with a slimy , - 

consistency In fluid media 
growth IS more abundant to 
ward the surface, and a fine, 
granular sediment forms as the 
culture ages 

Resistance Netssena gonor- 
rhoeae is easily killed by 55®C 
in 5 mmutes Drying kills it in 
a few mmutes, although cells 
may remain viable m undried 
pus for 18 to 20 hours The or- 
ganism quickly succumbs to 
ordinary surface dismfectants 
and is especially sensitive to 
silver nitrate and other silver 
salts It IS killed by diathermy, 

41 5« to 43«C m 2 to 7 hours 

Biochemical Properties The saccharolytic powers of the organ 
isms are neghgible, dextrose is fermented with acid formation 
Litmus milk is unaltered Methylene blue reduction is negative 
Indol and HoS formation are negative 

Antigomc Structure and Toxim The group is not antigenicaUy 
omogenous Two types have been described, one type is composed 
of recenUy isolated strains, and the other type of old laboratory 
strams Some imtigemc relationships with N mtracellulans appar 
ently em^st Culture filtrates are toxic, hut the exact nature of the 
^ exotoi^'“ “ probable that it is not 

ors;^m°^It”n*'a host for the micro- 

femTlnu ^PPuraUve infection m the male and 

S comZ, f P™=titis, stomatitis, 
of Ztj , Z'' “ - a ;ommon se 

Slot. wt •J'P -IfP 

the surgical oner •" ''p *1«! cause of 60 to 75 per cent of 

ness m thf newhoraZd ““‘’r 

’ per cent of all blmdness Duration of 


FIG 16 3 — Neiiisrio goneriheeae un 
d«rgo ng pKagocyto»is X 2 000 (From 
Nowok Doeumento Microbiologies 
courtety Guilov Fitcher ) 
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the infection is indefinite in some cases Mice, rabbits, and guinea 
pigs are killed by subcutaneous, intraperitoneal, and intravenous in- 
jections The genital tracts of all anunals are reistant to the infection 

Immunity. One infection does not confer an immunity. The 
individual may harbor the infection for years even though the acute 
stage does not reappear Agglutmatmg, precipitating, and ale.'im- 
fixmg antibodies are demonstrated durmg mfections Vacemes are 
used, but are of doubtful value Autogenous bacterms have shotvn 
some promise Immune serum has been used, but beneficial results 
have not been proven 

Diagnosis. The demonstration of Gram-negative diplococci in 
pus from tvpical cases is sufficient for the diagnosis of acute cases 
Internal infection is diagnosed by agglutination, precipitation, or, 
in some cases, by alexin-fi.xation 
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The Genus Micrococcus 


In the 1948 edition o£ Bergey’s Manual, the staphylococci have 
been combined with the micrococci under the genus name Micro- 
coccus. This change is based upon the priority of the name Micro- 
sphaera used by Cohn in 1872. Throughout this chapter the genus 
name Micrococcus wiU be adopted but the general descriptive term 
staphylococcus will be used serving as a transition to the general 
use of the term micrococcus in the literature. 

The staphylococci are spherical or ovoid cells usually arranged 
m grapelike clusters, although paii3 and short chains are seen 
frequently m fluid media. They are nonsporefonning, nonmotile, 
noncapsule-producing, and Gram-posiUve. mite, yellow, or orange, 
water-insoluble pigments are formed. They are aerobic and facul- 
tative, liquefy gelatm, and fennent a number of carbohydrates to 
acid. The organisms are found in suppurative processes in man and 
animals. 


present in pus by Ogston in 1881, and 
m 1883 he divided them mto two groups, Stophijiococct and Strepto- 
cocci. In 1884, Rosenhach cultivated them upon artificial media and 
ditterentiated between two species, which he named Staphylococcus 
pyogenes aureus and Staphylococcus pyogenes albns. Passet, 1885, 
ve.i,« ^ecies. Staphylococcus pyogenes citreus. The in- 

whi 1^55, Bumm, 1885, and Bockhart, 1887, in 

lionSif Tir'""*"' *» iaoculalions, proved the rela- 

tionship of these cocci to human infections 

erouo‘'^n‘*;Qnn”’ **"= Micrococans to the 

Semes A. ' ^ Bacterien, he referred to the 

Mre^ “^'"ore-^cus aureus. Micrococcus albus, and Micrococcus 
cultures of s^r^u ^ Gordon, 1905-06, reported a study of 300 
pyoocncs ,, and concluded “that Staphylococcus 

form, and noupigmented variety of the golden 

variety The 1 , ^ ^ coccus pyogenes citreus is an intermediate 
nety. The chromogenesis is a physiological function which is 
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lysm and hyaluromdase It is generaUy agreed that the lethal, der- 
monecrotic, and hemolytic action of broth filtrates of staphylococci 
are due to a single toxin The status of leucocidm as a true toxin, is 
doubtful although it has been shown to be antigenic and to possess 
other properties which characterize a toxin Enterotoxin, coagulase, 
and fibrinolysin appear to be by products of metabohsm, the action 
of which is specific but is not classed as toxin 

Production of toxins by the staphylococci requires the use of 
special media 'Numerous formulae are available for this purpose, 
none of them differ significantly Important requirements for such 
a medium are a reaction of pH 7 4-7 6, the presence of buffer salts 
or buffenng agents which control pH the absence of fermentable 
carbohydrates, the growth m the presence of at least 20 per cent 


CO", and the presence of sezmsohd agar 

Staphylococcus toxm is rendered mactive at a temperature 
between 55° and 60°C Li^t and methylene blue cause a destnic 
tion of the toxic prmciple but do not barm the antigemcity Mmeral 
acids destroy the toxin, while the action of organic aads is vanable 
Colloidal iron and manganese inhibit lethal toxin No effects have 
been observed for colloidal gold, silver, or platmum It has been 
reported that glycerol, ethylene glycol, sucrose, and glucose cause 
a partial destruction of the dermonecrotic action of toxm Hyper 
tonic solutions of sodium chloride and other salts of sodium potas- 
sium, and magnesium inhibit the action of hemotoxm and dermone- 
crotoxin. The toxm can be concentrated and purified by precipita 
tion vnth acetic aad and with trichloracetic acid It has been found 
that toxin, leucocidm, and coagulase are retained by filtration 
through Seitz filter-discs Berkefeld N ’ filter candles however, do 
not retam an appreciable amount of these substances 

The action of each of the active prmciples of staphylococcus 
filtrate is described briefly 


injection of a potent staphylococcal toxin 
mto a susceptible rabbit is foUowed m 5 to 15 mmutes or in some 
longer (2 to 24 hours) by a fatal reaction The animal becomes 
^teady, and paralysis of the hind legs develops the respiration 
oVr® 'ncoordmafioa of movement, occurs, 

ot T toUowed by wtde drlatafon, vtolenl 

sumous cxudates°arTfound''m 

'nt<=n« necrost. Dolman 

necrosis of unpbes, this toxm causes a 

Skim It has been demonstrated experimentally m the 
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rabbit and occurs in natural infections in the pustular dermatitis of 
the dog. 

Hemotoxin. The staphylococci have been noted for their 
ability to produce hemolysis on the blood agar plate or in a test 
tube containing erythrocytes in suspension. This characteristic is 
one of the definite properties of the pathogenic staphylococci. 

Three antigenically distinct hemolysins have been described. 
These have been designated a-hemolysin, p-hemolysin, and y-hemo- 
lysin. The a- and P-hemolysins may be produced by the same strain 
of staphylococcus forming a double-zone effect on the agar plate. 
The a-hemolysin produces the clear zone immediately surrounding 
the colony while the presence of p-hemolysin is noted by a wider, 
less hemolytic zone. This hemolysin is augmented by incubation of 
cultures at 10°-20°C. after sufficient incubation at 37°C. to pro- 
duce satisfactory growth; consequently, the term “hot-cold” hemol- 
ysis may be used. It is not essential to resort to hot-cold incubation 
to develop the double-zone. The a-hemolysin is particularly active 
against rabbit erythrocytes, but less active against sheep cells and 
not active against human erythrocytes. Both a- and p-hemolysins 
may be detected by the use of bovine or sheep blood agar. The pro- 
duction of P-hemolysin is a significant characteristic of the animal 
strains of staphylococci. Minnett found that only five out of ninety- 
seven animal strains failed to produce P-hemolysin. The Y-hemolysin 
is active on rabbit erythrocytes but is antigenically distinct from a- 
hemolysin. 

Christie and North have observed that P-hemolysin is able to 
denature globulin and to some extent albumen of human serum and 
suggest that this function may be a means of detecting P-toxin-pro- 
ducing strains. These authors suggest that the effect produced upon 
globulin and albumen may limit the spread of the staphylococcal 
lesion. 

Williams and Harper have observed that strains of staph- 
ylococci grown on 2 per cervt sheep blood agar and incubated 
in air containing 30 per cent carbon dioxide, would produce both 
a- and p-hemolysin. It was not possible to distinguish, on the plates, 
those strains that produced p-hemolysin alone, from those which 
produced both a- and p-hemolysins. These authors observed another 
hemolysin distinct from a and p which was active on a variety of 
mammalian erythrocytes, including human. They suggest that this 
hemolysin should be called h-hemolysin- 

Lcucocidin. This toxin principle was described by Van de Velde 
in 1874 and has the distinction of being the first bacterial leucocidin 
to bo observed. The importance of leucocidin in staphylococcal 
infections has been recognized for some time, but it has not been 
studied experimentally to any great extent. In 1001 Neisser and 
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Wechsberg devised a method by which the effect of leucocidm could 
be determined by noting that hve leucocytes consume oxygen 
whereas dead ones fail to do so The utilization of oxygen is 
detected by the use of methylene blue Valentme, 1936, outlmed a 
method of studymg leucocidm by demonstratmg the effect it pro- 
duces on leucocytes m a senes of smears stained with the Leishman 
stain He demonstrated that leucocidm is distinct from a hemotoxm 
by showing that it destroys rabbit and human leucocytes but has 
little or no effect upon the erythrocytes of either species The 
rabbit leucocyte however, is susceptible to a hemotoxm toward 
which the human leucocyte is relatively immune 

Leucocidm is antigenic, and numerous workers have dem- 
onstrated the production and neutralizing qualities of antileu 
cocidin Although some methods have been suggested for measur- 
ing this antibody, no standard unit has been formulated 

Enterotoxin It was reported by Barber, m 1914, that an acute 
gastroenteritis in humans was produced by milk that contained 
large numbers of white staphylococci The organism was isolated 
m almost pure culture from the udder of a cow The abihty of cer- 
tain strains of staphylococci to produce an enterotoxm has been 
shown by numerous mvestigators The most common type of food 
mvolved has been bakery products, particularly those filled with 
custards Raw milk, cream, and ice cream have been mcrimmated 
m some mstances Other foods which have been found to cause 
smphylococcic food poisoning have been meat, gravy, cheese, oys 
. cakes The natural conditions under which entero- 

oxm IS produced are not well understood, however, a protein me- 
microaerophihc conditions seem to 
nrostratiorf produces nausea accompanied by dizziness and 

hour, ofie; Sw htTot‘’ea“’rr'‘ 

Uates “^‘^“haUon” is significant because it differen 

«3ual tyappSrs M to Salmonella mfection which 

food Fatal c i hours after consummg the contaminate 

ported. ° s^pbylococcal food poisomng have not been re 

U1 a *“1 enterotoxm may be produced 

mtrogen. Growth dirt 2 to 16 ammo acids as a source of 

amino acids unles-s occur m. a medium contaimng only three 

toxin formed was red^^^^d present The amount of entero 

pared to the medium ciuto ^ simple synthetic media as com- 
EnlcrotoxiT\ ^ riiy used 
»tlhischaractcn^t.c°it'!r^°^“^'^^'’“''^ forSOmmutcs By virtue 
toxic products of sbjni, 1 *** 1^ clearly distinct from the other 

stephylococci. It has been reported that N/lOO 
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NaOH and N/lOO HCl destroys enterotoxin, and that ethyl ether 
or chloroform removes it from acid aqueous solution. The material 
is nonvolatile and nondialyzable; it is less readily adsorbed on 
filters than hemotoxin. The antigenic properties of enterotoxin 
have been questioned by many. Reoccurring attacks of food poison- 
ing presumably due to enterotoxin have not indicated substantial 
resistance. However, Surgalla, Bergdoll, and Back have demon- 
strated by the use of the gel-diffusion precipitation test, the presence 
of antitoxin in the serum of rabbits immunized with enterotoxin. 

The incidence of enterotoxin-producing strains of staphylococci 
in man and the various species of animals is not known. Outbreaks 
of food poisoning caused by this toxin have followed the preparation 
of such food by people later proven to be carriers of the organism. 
Likewise, outbreaks have followed the use of animal foods, partic- 
ularly milk, ham, and chicken. The presence of staphylococci on 
the skin and mucous membranes of cattle, swine, and chickens 
has been repeatedly demonstrated. 

The detection of enterotoxin-producing strains of staphylococci 
presents a most difficult problem. One certain proof is the vomit re- 
action produced in the human being, but the use of the “human 
volunteer” method is not practical for large-scale studies, for obvious 
reasons. Monkeys are susceptible to enterotoxin but they become 
resistant after a period of use; furthermore they are expensive. The 
“kitten test” has been useful in experimental studies of this sub- 
stance, but young kittens are not always available, due to seasonal 
breeding characteristics of that animal. Suckling pigs have been 
used, but this animal is seasonal although somewhat elastic in re- 
spect to the time of breeding. The frog has been used by Robinton. 
Back has observed a seasonal relationship in this animal inasmuch 
as no reaction to enterotoxin was observed during the winter season. 

All enterotoxin-producing strains of staphylococci are hemolytic 
and coagulase-positive; however, it must be emphasized that all 
hemolytic and coagulase-positive strains are not capable of produc- 
ing enterotoxin. 

In a critical assay of the kitten, test, Fulton found that three of 
the four strains of staphylococci isolated from a food poisoning epi- 
demic did not produce reaction in kittens. These three strains pro- 
duced a-hemolysin whereas the kitlcn-positive strain produced p- 
homolysin. Purified a- and p-lysins produced vomiting in kittens, but 
a-lysin was nonloxic to human volimteers. 

Coagulasc. In 1903, Loch demonstrated the coagulation of goose 
plasma by broth cultures of Micrococcus var. aureus. Since that 
time, the substance has been studied by several investigators who 
have showm a dose relationship between it and pathogenicity. Rab- 
bit and human plasma are most readily clotted, although dog plasm; 
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has been coagulated by some strains In the routine detection of 
coagulase producmg strams of staphylococci an equal volume of 
broth culture or a loopful of agar plate culture is added to fresh, 
citrated rabbit plasma, diluted 1 5 in broth The mgredients are 
thoroughly mixed and placed in the 37°C mcubation or in a water 
bath held at that temperature The tube is exammed for clottmg at 
mtervals over a period of three hours Practically all of the patho- 
genic strains will show clottmg withm one hour Some strains are 
slow, however, so mcubation is usually contmued overnight The 
clot which IS formed is usually qmte solid and compact, but occa- 
sional strams are observed which produce a “thready ’ accumula- 
tion of fibrm No one has shown a relationship between the type of 
clot and pathogenicity 

Coagulase is resistant to heat, some strains produce a more 
heat resistant substance than others Variations of 50°C to 100°C 
for 30 inmutes have been reported Its antigenicity is doubtful 
Staphylococcus antihemotoxm has no effect upon it The active 
prmciple m coagulase is precipitated by alcohol, acetic acid, or half- 
saturation with ammonium sulphate The active principle may be 
dialyzed through cellophane after precipitation with alcohol but 
not before 

In a study of 32 coagulase positive strains of staphylococci, 
Spmk and Vivmo observed that all but one of these strains were 
able to resist the bactencidal action of blood Eleven coagulase- 
negative strams were all killed by normal dehbrinated blood Four 
coagulase-positive strains which had been cultured artificially for 
four years lost the abihty to coagulate plasma and also their resist- 
ance to the killmg action of normal blood These results substantiate 
the correlation between the properly to coagulate plasma and path- 
ogenicity 


In 1945 Hale and Smith demonstrated that phagocytosis of 
coagulase posiUve staphylococci was reduced by the presence of 
coagulable plasmas They suggested that this inhibitory mechanism 
is due to the production of a fibrm film on the surface of the organ- 
♦ w c relationship of coagulase to patho- 

M Smith demonstrated that the 
^ “^^^able plasma increased the virulence of staphy- 
lococci to mice and gumea pigs 

the bacteria, particularly 

able to Imii ^ ^^pbylococci produce a substance which is 

a lew G'-rt'- Jouud that only 

other workers. ^ possess the property of fibnnolysis, 

y trams are so endowed The power of lysmg fibrin 
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appears to be confined to human strains which are isolated from 
internal lesions. Madison and Dart found that 80 per cent of all 
Strains isolated from human internal processes are capable of 
liquefying fibrin. They observed that 90 per cent of all strains 
isolated from superficial human infections were unable to liquefy 
fibrin and that none of the 24 strains isolated from animals was lytic, 
excepting two horse strains which were able to lyse horse fibrin only. 

Fibrinolysin is not known to be antigenic, although it has been 
precipitated from culture filtrates by alcohol and acetone. It is 
possible that this property is an expression of the proteolytic ability 
of certain strains of staphylococci. Christie and Wilson studied the 
fibrinolytic properties of human and animal strains of staphylococci 
and concluded that the factor responsible for this property is as- 
sociated with coagulase and a-hemolysin. Fibrinolysis is inhibited 
or masked by p-bemolysin; hence, clearing of fibrinogen agar is a 
good indication of pathogenicity of human strains, which do not pro- 
duce P-hemolysin under usual conditions of artificial growth. This 
medium would not be applicable for the identification of animal 
strains which do produce p-hemolysin. 

Hyaluronidase. The production of “spreading factor" or 
hyaluronidase by the staphylococci has been shown by numerous 
investigators. The properties and action of this substance, as pro- 
duced by staphylococci, is not difierent than hyaluronidase produced 
by other bacteria. 

Antigenic Relationship of the Staphylococci Numerous at- 
tempts have been made to classify the staphylococci on the basis 
of antigenic relationship. Most of the work has been directed 
toward the differentiation of pathogenic from nonpathogenic strains. 
Agglutination and agglutinin absorption have been used. Some 
success witla these methods has been reported, but these tests have 
given way to the precipitation reaction during recent years. A 
correlation between antigenicity and pathogenicity has been re- 
ported. Julianelle and Wieghard designated the pathogenic strains 
of staphylococci Group A on the basis of the precipitation of poly- 
saccharide antigens. They placed the nonpathogenic types in Group 
B. They noted that Group A is composed largely of orange-pig- 
mented, hemolytic, mannitol-fermenting, and gelatin-liquefying 
strains of staphylococci. 

Cowan, 1933, classified the staphylococci on the basis of biologi- 
cal and serological characteristics. Ho included pigmentation, man- 
nitol fermentation, hemolysis, plasma coagulation, the Voges- 
Proskauer reaction, and gelatin Uquefaclion in his biological tests. 
On U;e basis of those tests he divided Uie staphylococci according to 
the following scheme: 
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Hemolysin production 


1 


Staph pyogenes 
1 

Varieties 


Mannitol 


Scurf staphylococci Staph 

epidermidis 


Cowan revived the name Staph pyogenes of Andrewes and Gordon 
for the hemolytic group The varieties are represented by strains 
which produce a hemotoxm, those which produce both a- and P- 
hemotoxm, and those which produce only p hemotoxm The precip- 
itation reactions show that the majority of a and op strains belong 
m one serological group He found an absolute correlation between 
hemolysin and coagulase production, and suggested it as the most 
valuable criterion for pathogemcity 

The susceptibility of cultures of staphylococci to various strains 
of bacteriophage has been used as an aid on identification Although 
the application of this technic apparently does not differentiate 
species of the organism, it does serve to distmguish strain differences 
which are of value m, epidemiological studies (Fisk and Mordvm) 
The Species of Staphylococci. With liimted present kn 3wledge 
It IS difficult to assign specific names to any of the pathogenic 
staphylococci and for that reason Cowan’s use of Staph pyogenes 
appears justifiable Much confusion is liable to result, however, 
between it and Strep pyogenes 

As stated at the beginning of the chapter, Bergey’s Manual 
lists the staphylococci m the genus Micrococcus and assigns to the 
pathogenic species the names Micrococcus pyogenes var oureus and 
Micrococcuspyogcnesvar albus The distmgiushmg feature between 
these two species is the abiUty of the former to produce a golden 
pigment while the latter forms white colonies The names of other 
species, which m the past classifications have been hsted under the 
genus Staphylococcus are changed to Micrococcus citreus, Micro- 
coccus epidermidis, etc 

Those ^ecies which are considered important m animal m- 
tections will be discussed 


Microcoeeos pyogenes var oureus 

and ILstory Staphylococcus aureus. Staphylococcus 
^cnes aurc^, Micrococcus aureus. Staphylococcus pyogenes The 

tnbuted*widr>*l°”»l,^”'^ ^^nsniLssioa This staphylococcus is dis- 
nbuted w idcly throughout the world and makes up the normal bac 
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terial flora of the skin and mucous membranes of man and animals. It 
occurs chiefly in the upper respiratory tract of man. It is present 
in many animal products, such as milk and meat. When it is found 
in those foods, its origin is usually from infected persons who have 
prepared or handled the food or from an infected animal. The 
organism has been called, very appropriately, an “opportunist 
type” because it is commonly present on tissues and waits for suit- 
able conditions for invasion. 

Morphology and Staining. The organism is spherical, and some- 
times slightly flattened where two cells are appressed. In pus and 
blood it is usually found in grapelike clusters, justifying the name 
staphylococcus. In culture media the cells are grouped irregularly, 
and pairs and short chams are not uncommon (Figure 17.1) . The 
diameter of the cells varies from 0.8 to Ip. The organism does not 
produce spores, capsules, or flagella. It stains well with ordinary 
aniline dyes and is Gram-positive. 

Growth Requirements and Characteristics. Micro, pyogenes 
var, aureus is secured frequently in pure culture by making inocu- 
lations directly from a suppurating process, first cleaning the outer 

portion and securing material 
on a sterile platinum needle. In 
general, it is best to plate out 
the drop of pus obtained in this 
way. The organism grows well 
in all common laboratory media, 
and abundant growth is pro- 
duced on blood or serum media. 
Selective media are of value in 
the isolation of staphylococci. 
This is particularly true of those 
media containing a high concen- 
tration of sodium chloride, such 
as mannitol salt agar and staph- 
ylococcus medium No. 110. 
In these media the growth of 
other bacteria is inhibited and 
colonics of staphylococci which 
ferment mannitol and produce golden pigment are easily detected. 
It is an aerobe and facultative anaerobe. The optimum temperature 
for growth is 37®C. It has a wide pH range for growth, but the opti- 
mum is 7.2. 

Agar-plate colonics arc round, smooth, glistening, opaque, low, 
convoK, amorphous, edge entire, and of a golden color. The growth 
is butyrous in consistency. In broth a uniform turbidity is present 
witl\ a powdery sediment. A faint ring forms on the test tube at the 



FIG. 17.1 — Micrococcus pyogenos vor. 
aureus ogor culture, X 2,000. <From 
Howok: Documenlo Microbloioglco, 
courtesy Gustav Fischer.) 
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surface of the medium Gelatin liquefaction is infundibuliform or 
saccate m type Growth is luxuriant upon potato, and the orange 
pigment is produced m great abundance The aureus pigmentation 
IS lost by contmued growth upon artificial media 

Resistance. Staphylococci are the most resistant of the cocci 
Varymg reports are given concemmg its resistance to heat which, 
no doubt, IS due to the different conditions tmder which the tests are 
made Usually a temperature of 60®C for half an hour destroys all 
the cells, but some mdividual cells require 80°C for the same length 
of time Staphylococci are more resistant to chemicals than many 
of the nonsporefomiing organisms Death is accomphshed m 1 per 
cent phenol m 35 mmutes, 2 per cent phenol m 15 mmutes, 0 5 per 
cent HgCla in 1 hour, 10 per cent formaldehyde in 10 mmutes The 
organism is surprismgly resistant to drying, remaimng ahve m 
dried pus for months Gentian violet kills the organism m 5 to 
10 mmutes m dilutions as high as 1 25,000 This dye m 2 per 
cent aqueous solution is used often m treating staphylococcus skm 
infections m man and animals 

The pathogenic staphylococci are generally inhibited by sulfa- 
thiazole, penicillin, and Aureomyem Penicillin resistant strains may 
be encountered which have never been grown m the presence of 
that substance Dissociation of penicillin sensitive strains mto in- 
sensitive strams may be artificially produced by contact with pem- 
cilbn 

Biochemical Properties Micro pyogenes var aureus produces 
acid from glucose, maltose, mannitob lactose, sucrose, and glycerol 
but not from sahem, raffinose, or mulm, acidifies and coagulates 
Utmus milk which is slowly peptonized by some strams, produces 
hemolysis on blood agar The organism is mdol negative, NHs 


positive, M R positive, and V P 


, - ’ - positive, reduces methylene blue, 

coaStei ™ hydrolyaes gelaUn and 

Antigenic Structuie This staphylococcus is represented by only 

«d TccoriLTr ‘'-“P A by JnhaneUe and Weigh- 
ed ^ on tf^h -nto three vanet.es, o, ofi, 

0 ^^““ a ' which n. produced 

anterotor,‘'elXtShrZ;^“ “ 

mostofthecase^'fm™” aureus is associated with 

It may locahie m any^sue ihT^ ‘■•faction m man and animals 
common cause of pyemm Th?^ ‘‘ ■= *= 

considered one of *e clinl„»,e ■= fotuti m man and is 

tis smusiUs tonsilhtis h 1 “gents in the following osteomyeli- 
tis, tonsdhtis, bods, mastoiditu, endocarditis, Ld ulcerative 
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keratitis. It is found as a secondary invader in smallpox, diphtheria, 
septic sore throat, scarlet fever, tuberculosis, and pneumonia. In 
animals the organism has been found associated with the following 
diseases: mastitis in the cow and ewe, pustular dermatitis in the 
dog, abscess formation in all species including fowls. The presence 
of the organism in arthritis in geese was noted by Rowlands and 
Smith. The prevalence of this organism in bovine mastitis is be- 
coming increasingly apparent. Packer found it in 76 per cent of 
2,296 bacteria-positive samples of milk examined for the presence of 
bacteria causing mastitis. MacDonald foimd staphylococci in more 
than half of 280 samples of milk examined in Norfolk, England. 
This author observed that bovine strains were affected by one type 
of bacteriophage which he suggested as a useful clue to the source 
of certain staphylococcal infections in man. Schalni and Woods re- 
ported that variation from test to test is common in dairy herds in- 
fected by this organism. However, the average incidence may be 
over 50 per cent of the cows. Older cows are more prone to be in- 
fected although some show the development of resistance. 

In a series of studies McDiarmid reported that staphylococci 
produced pyemia in lambs following infection of tick-bite wounds. 
It is associated with other bacteria in numerous diseases. 

The severity of the infections in man and animals is probably 
influenced by the toxins which are produced; for example, wound 
infections and boils are produced by dermonecrotoxin and leucoci- 
din. Aranow and Wood have reported a case which showed all the 
cutaneous reactions characteristic of scarlet fever and from which 
an erythrogenic toxin-producing strain of Micro, pyogenes var. 
aureus was isolated from the blood stream. Toxin produced by this 
organism was neutralized by commercial scarlet fever antitoxin. 
Gastroenteritis in man, and possibly in dogs, is caused by entero- 
toxin. 

The rabbit is the most susceptible of the laboratory animals 
and is chosen universally for the experimental animal in staphylo- 
coccus research. Julianelle observed that staphylococci are not 
highly infective to the rabbit or mouse in the absence of traumatism 
or lowered resistance. Generalized infection is obtained in the chick 
embryo. Rats and pigeons are susceptible. Mice and guinea pigs are 
comparatively resistant. Kittens are sensitive to enterotoxin. 

Immunity. An infection with Micro, pyogenes var. aureus does 
not produce a noticeable immunity to subsequent attacks. Probably 
there is a temporary rise in the phagocytic power due to opsonin, but 
this is soon lost. This organism is incorporated in most of the mixed 
bacterins which are used for animal immunization. 

In view of the toxin-producing abihty of the organism, it an 
pears that the most satisfactory immunity would be produced b * 
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toxoids and antitoxins for the various toxic substances It has been 
found that the use of formaiinizcd toxm, toxoid, is of value in 
chrome skin infections in man and produces favorable results in 
pustular dermatitis of dogs A bcnef^al effect of antitoxin upon 
conditions produced experimentally in animals has been demon 
strated, but the use of this immunizing material in natural infections 
is of doubtful value It may be used with success in cases of septi 
cemia and pyemia caused by the organism Antitoxin may be found 
m the blood of apparently normal animals Miller and Hcishman 
foimd antitoxin m the blood of 57 of 220 cows and heifers Further 
more they observed that there was four to six times more antitoxin 
m the colostrum than m the blood Richou and Holstein found that 
the treatment of staphylococcal mastitis of the bovmc with toxoid 
reduced the mcidence of infection in the herd to a significant extent 
The Health OrganizaUon of the League of Nations 1935 out 
Imed a method of standardizing staphylococcus toxin and antitoxin 
by usmg hemolysis as the mdicator International standard units for 
titration purposes were proposed A minimal hemolytic dose 
M.H D , of the toxin is that amount of toxin which will hemolyze 
1 0 mb of a 2 per cent suspension of rabbit erythrocytes in 1 hour at 
37“C The umt of antitoxin l that amount which will neutraUze 
200 M H.D of toxm Standard antitoxm may be secured from the 
NaUonal InsUtute of Health of the U S Public Health Service to be 
used for standardization 

Diagnosis Demonstration of a staphylococcus on direct smears 
from a lesion is diagnostic if it is present m great numbers and is 
the only organism to be found The identification of Micro aureus 
IS accomplished by the use of specific media and tests The produc 
tion of toxins particularly enterotoxm is essential in the diagnosis 
of cases of food poisonmg Pathogenic strains of the organism are 
^ production of beta hemolysis and coagulase 

Sdialm 1948 has observed that toxicogenic coagulase-positive 
stephykcocci produce typical reacUons in the Hotis test of milk sam 
pies These organisms produce adherent green greenish browm 
brown or r^set colored colonies with white centers after the milk 
^ple has been incubated 16 to 20 hours Upon further incubation 
Woo°driQ'St produced. Hoiiever Schalm and 

surround no concluded that the presence of beta hemolysis 

T 1 "“l‘“red from milk samples 

IS ample for the identiflcahon of the organism 

Micrococcus pyogenes var aJbus 

to pigmentation is used as the entenon 

y many to be only a nonpigmented variant of 
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the auieus strains It is readily apparent to those who study the 
staphylococci that numerous nonpigmented strains can be isolated 
In fact, unless isolation is made upon special media, such as No 110, 
colomes of staphylococci are sometimes white 

The designation of strams of any orgamsm, one variety or 
another, on the basis of colony color without specifications of growth 
IS most confusing, not only to the student but to anyone interested 
m taxonomy It hkewise is confusing to those investigators who re- 
port the isolation of bacteria from unusual cases For example, 
Pounden and Krauss m 1947 reported 2 cases of abortion in dairy 
COWS caused by a coccus resemblmg Staphylococcus albus Subse- 
quently, Pounden, Ferguson, Knoop, and Krauss reported additional 
cases of abortion which were caused by an organism resemblmg 
Staphylococcus alhus 

It is quite apparent that additional research must be done on 
the genus Micrococcus in order to clarify many of the interrelation- 
ships of the members of this genus 

Micrococcus ascoformans 

It IS doubtful whether this organism is sufficiently different from 
Micrococcus pyogenes var aureus to warrant specific designation 
As a matter of fact, it is not listed m Bergey^s Manual The foUowmg 

discussion IS contmued m this 
edition, With the hope that 
someone will study the bacte- 
riology of botryomycosis and 
clarify its etiology. 

This staphylococcus has been 
isolated from cases of botryomy- 
cosis in horses and more rarely 
from cattle and swine Super- 
ficially this condition resem- 
bles fibromas and other neo- 
plasms The infection usually 
takes place where the surface 
of the skm has been abraded, 
as by harness, and through 
wounds at castration The tis- 
sues involved become greyish 
and eventually form a fibrous 
mass of considerable size (Fig 17 2) Metastatic infection through 
the lymph channels often results m the involvement of considerable 
areas and mfection of the internal organs, particularly the lungs 
Throughout the mfected tissues gelatinous masses, zoogela, are 
found and are composed of a thick capsular material surrounding 



FIG 17 2 — Micrococcus ascoformans 
colony in pus, X 220 (From Nowak 
Documenta Microblologica, courtesy 
Gustav Fischer) 
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the organisms These masses of cocci arc frequently large enough to 
be visible to the naked eye and appear as collections of granules the 
size of tmy sand grams Under the microscope they resemble mul- 
berries The capsular material forms a saclike membrane around 
the entire colony, and other colonics or masses arise as though by 
a process of buddmg It appears likely that the formation of this 
mass, which is coagulated plasma, is the result of coagulasc produced 
by pathogenic strains of Micrococcus pyogenes var aureus 

Miscellaneous Micrococci 

In the genus Micrococcus are placed twenty other species m 
addition to the two previously mentioned All of these have been 
found on the skm and mucous membranes of man and animals and 
many have been isolated from milk of the bovme The pathogemc 
role of these species is quite questionable, at least no serious m- 
fection IS attributable to any of them Their chief importance is the 
confusion they may cause m the isolation of pathogenic micrococci- 
The routme use of blood agar, however, eliminates the confusion 
caused by the nonpathogenic species of micrococci for none of them 
is hemolytic 

The genera Gafikya and Sarema, hkewise contam species which 
may be found on the skin and mucous membranes of man and 
animals None of them is pathogemc to any marked extent, although 
some have been considered to be the causes of the lesions from 
which they were isolated 
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The Genus Pseudomonas 


Bacteria which belong to the genus Pseudomonas are found 
prmcipally m water and in the sod. They produce a water-soluble, 
green, blue, or yellowish-green pigment which diffuses through the 
medium. Some of the members of the group are motile; others arc 
norumotile; all are Gram-negative. Over thirty species of the group 
have been described, but only one, Pseudomonas aertipinosa, is 
pathogenic for man and animals. 


Pseudomonas oerug/nosa 


Synonyms and Elistory. Bocterium ceruptnosum, BoeiUus 
pyocyaneus, Pseudomonas pyocyaneoits, Pseudomonas pyocyanca, 
Bacterium pyocyaneum. 

Years ago a blue-green exudate on surgical dressings was 
common, and m 1850 Seddlot, a French surgeon, showed that the 
discoloration was transferable. In 1860, Fordas isolated a crystalline 
substance which he called pyocyanine from stamed linen removed 
from suppuratmg wounds. These results were confirmed in 1862 
by Lucke, who showed that the condiUon was infective and was 
always ^ociated with the presence of small vibrios. Much of our 
knowledge concerning these organisms is due to the work of Ges- 
organism m 1882 and contmued his studies 


Transmission. Pseudomonas aeruginosa is 
worid-wide m distribution and is found in water and soil. Judging 

coiSud^/tW^^ infection, it is logically 

of man anri ^ ^ Organism is a common contaminant of the skin 

and laceratio^!^'^-^' ^ ^ Ported into deeper tissues by punctures 

.on..„.inated water 

by ^ ’n>>s organism is a slender rod, 0 5li 

by 3,1, with rounded ends. It is motile by means of one to three 
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polar flagella (Fig. 18.1) . It does not produce capsules or spores. 
The organism is Gram-negative and is easily stained by the usual 
aniline dyes. 

Growth Requirements aud Characteristics. The organism is 
cultured readily on the ordinary nutrient media of the laboratory 
under aerobic conditions; however, it can be grown anaerobically. 
The colonies produced on agar are large, irregular, translucent, 
spreading, and greyish with a dark center, and entire or undulate 
edge (Fig. 18.2). A bluish-green, water-soluble pigment diffuses 
throughout the medium, although all strains of the organism do 
not produce pigment. An abundant growth occurs in broth with the 
formation of a thick pellicle, dense turbidity, and a heavy sedi- 
ment. The medium usually be- 
comes green, which changes to 
brown as the culture ages. 

Resistance. The ordinary 
disinfectants easily kill Ps. 
acrufifinosa. Heat at 55*^0. is 
destructive in 1 hour. 

Biochemical Properties. The 
carbohydrate-fermenting abil- 
ity of Ps. aeruginosa is variable. 

This is due to the composition 
of the medium in which the 
carbohydrate is tested. Various 
investigators have reported that 
glucose is the only carbohy- 
drate which is fermented by 
this organism; however, others 
have demonstrated that when 
the source of nitrogen in the medium is decreased, the detection of 
acid formation in many different carbohydrates is possible. The 
organism is able to produce ammonia from peptone, thereby produc- 
ing an alkalinity which neutralizes acids which are formed when the 
usual amounts of beef extract and peptone are used. By the use of 
a medium containing final concentrations of 0.3 per cent beef extract, 
0.5 per cent peptone, and 1.0 per cent carbohydrate, Cone detected 
decided or slight acid reactions in arabinose, xylose, glucose, fruc- 
tose, galactose, glycerol, and mannitol. Acid was not produced m 
media containing sucrose, maltose, lactose, raffinose, inulin, dextrin, 
and dulcitoL In a study of a variety of Pseudomonas species Bender 
found that the fermenting ability of this group was clearly revealed 
when a synthetic medium composed of ammonium chloride 0.2 per 
cent, magnesium sulfate 0.05 per cent, potassium hypophosphate 
0.08 per cent, and carbohydrate 0,3 per cent was used. 





FIG. 1 8.1 — Pseudomonas aeruginosa 
showing polar flagellum, X 2,000. 
(From Nowak: Documenta Microbiolog- 
lea, courtesy Gustav Fischer.) 
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Kopper has described a strain of the organism which was 
cultivated in a phosphate-buffered solution containing creatinine 
as the only source of carbon and nitrogen. This strain produced 
the enzyme creatinase by which it was able to utilize creatinine. 

Ps. aeruginosa varies in its ability to form indol; however, the 
majority of strains fail to do so. Nitrates are reduced to nitrites; 
H 2 S is produced by some strains; catalase is produced. The organism 
is negative to the methyl red and Voges-Proskauer tests. It hy- 
drolyzes gelatin, with the formation of a slow crateriform liquefac- 
tion. The organism coagulates milk by a rennet-like enzyme, and 
increases the alkalinity of the medium as the culture ages. It slowly 
hydrolyzes casein and coagulated blood serum. 

The production of water- 

^ soluble pigments is one of the 

^ ^ most outstanding characteris- 

tics of most strains of Ps. aeru- 
ginosa. Cultures which have 
been isolated recently from the 
•r T. . r animal body are able to pro- 

I \ duce two pigments: One is a 

green pigment called pyocya- 
nin, soluble in water and in 
chloroform; the other is a yel- 
lowish-green pigment called 
fluorescin, soluble in water but 
not in chloroform. Both phos- 
phate and sulphate are re- 
quired in the medium for the 
production of fluorescin, but 
neither is required for py*^ 
... cyanin. Both pigments are 

o:adaUon products of colorless substances and are not produced 
when the org^ism is grown under anaerobic conditions. Some 
cultures lose their ability to produce pigments and never regain this 
charactensuc. Young has demonstrated that Ps. aeruginosa does not 
produce pigment or antibiotic substances if sufficient glucose is 
^ um to be fermented and produce an acid reac- 

In addition to the s 


/\ 


/ 


flG. 1 8.2 — Pseudomonas aeruginosa 
colony on agar plate, x -40. (From 
Nowak: Docomcnta Microbiologlca 
courtesy Guslov Fischer.) 


■ active proteolytic enzymes produced by this 
ridi anr! pyocyarmse by Emme- 

’n* substance is able to hemolyae red 
for thaf^e?. M-iWtion of growth of anthrax bacilli. 

=n*S^ ' “■>''<>“« aa a therapeutic agent for 

Ftkuhara showed in 1909 that pyo- 
ase IS 1, pedal m nature. In 1934 Hettche demonstrated that the 
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bacteriolytic and hemolytic properties of the alcohol and acetone 
extracts of the organism are due to fatty acids. In the same year 
Kramer found the chloroform- and ether-soluble pyocyanase to be 
active against a number of organisms, including the anthrax bacillus, 
diphtheria bacillus, Bact. coli, Bact. typhi, hemolytic streptococci, 
and Staphi/lococcus albtts. 

In 1941 Shoental noted that Ps. aeruginosa may produce three 
compounds that are antibacterial in action; pyocyanin, a-hydroxy- 
phenazine. and an oil that forms an insoluble salt with calcium, bar- 
ium, and the heavy metals. 

In a study of the bactericidal activities of the a-oxyphenazine 
and the lipoidal substance produced by Ps. aeruginosa, Zweig 
tested these substances against a number of different species of 
bacteria pathogenic to animals. The concentrations necessary to kill 
the organisms varied with the organism and time of exposure and 
ranged from 1:1,000 to 1:1,000,000 for a-oxyphenazine. The lipoidal 
product was about one-half as active. 

Antigenic Structure and Toxins. The detailed antigenic struc- 
ture of this organism is not known. 

A thermostable exotoxin is produced by the organism which, 
if given 40- to 60-ml. doses, is able to cause the death of rabbits. 
An antitoxin which will neutralize the toxin can be produced. 

Pathogenicity. Pseudomonas aeruginosa is found in wound 
infections in a number of the domestic animals, particularly the 
pig. It is the most prevalent organism in “bull nose” in the pig. The 
pigment produced by the organism imparts a Mue-green color to 
purulent exudate. The organism has been recovered from septi- 
cemia in chickens by Essex, McKenney, and Mann. An acute disease 
of turkeys in Michigan caused by the organism has. been reported 
by Stafseth, Mack, and Ryff. Many infections in man have been 
attributed to this organism. These include: inner ear infection, 
pericarditis, meningitis, septicemia, bronchopneumonia, infant 
diarrhea, and wound infection. 

This organism has been isolated from clinical cases of bovine 
mastitis and although it is not a common cause of this infection, it 
must be listed with other bacteria as one of the etiological agents. A 
severe outbreak of mastitis may be caused by the organism, as 
illustrated .by Cone and by Tucker. 

The presence of Ps. aeruginosa in a disease of equines had not 
been reported until 1949 when Doll, Bruner, and Kinkaid isolated 
it from an aborted equine fetus. In this report they stated that the 
organism had been previously isolated from an aborted equine 
fetus at the Kentucky Station in 1944. The organism is frequently 
encountered in the genital tract of both equine and bovine species. 
As a consequence, it may be found with regularity in bull semen 
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used for artificial insemination Its marked proteolytic propensities 
indicate that caution should be used to eliinmale it from semen 
intended for artificial msemmation The above report of the organ- 
ism m Uie equine emphasizes that m this ammal caution hkewisc 
should be used m protecting semen intended for use m artificial 
insemination Farrag and Mahmoud report from Cairo, Egypt, that 
a high percentage of cases of otorrhea in dogs is caused by this 


organism 

The organism produces death m guinea pigs, pigeons, rats, and 
rabbits within 24 to 36 hours followmg mtraperitoneal or subcutane- 
ous mjection. Extensive edema and suppuration are caused by the 
subcutaneous injection of the organism or of exudates containmg 
the organism A serofibrinous and purulent peritonitis is produced 
by intrapcntoncal inoculation 

Pseudomonas aeruginosa has been identified as mdistinguish- 
able from Phytomonas polycolor by Elrod and Braum These authors 
have found the organism as a pathogen on tobacco and able to cause 
soft-rot in vegetables The ability of this organism to thrive and 
produce disease m both plants and animals makes it quite unique 
in bacteriology and likewise introduces an interesting transmission 
relationship among the wide variety of hosts 


Immunity. The infections caused by this organism arc not 
frequent enough in animals to warrant immunizing procedures 
Experimentally, antitoxins and bacterins have been proven of im- 
munizmg value, and the use of small doses of the organism produces 
localized abscesses with rcsuUmg immumty The organism is often 
mcorporated mto mixed bacterins, particularly for swine 

Diagnosis The organism is recognized by isolation m pure 
culture It IS often a secondary invader with streptococci and 
staphylococci and for that reason it is essenUal to plate the material 
which IS to be exammed Deubler and Cole claim that milk scrum 
titere axe high enough to warrant the use of the agglutination test 
m the diagnosis of mastitis caused by Ps aeruginosa 
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The Genus Vibrio 


Twenty-one species of the genus Vibrio, most of which occur 
in water, are recognized Characteristics of this genus are as fol- 
lows short cells, bent rods single or united into spirals, motile by 
means of smgle or occasionally two or three, polar flagella Many 
species liquefy gelatm and are active ammomficrs, they are aerobic 
and facultative anaerobic, no cndosporcs are formed they are 
usually Gram negative a few species are pathogenic 

The pathogemc species mclude Vibno comma, which produces 
Asiatic cholera m man, Vibrio metchnilcoVii, the cause of an acute 
ententis m chickens Vibno jetus, the eliologic agent m vibnonic 
abortion of ewes and cows and Vibno jejuni, the cause of an acute 
enteritis m mature cattle and calves In addition to the specific 
diseases which they cause these species differ in other respects 
Vibno comTTui does not coagulate milk, whereas Vibrio metchnikovti 
does both of these species liquefy gelatin which is not true of 
Vibno fetus and Vibno jcjuni Jones Orcutt and Little have shown 
that Vibno fetus and Vibno jejum can be differentiated by the ag 
glutmation test 


Vibrio comma 


Synonyms and History Spmllum cholerae asiaticae Pacinia 
cholorae asmtwae Mtarospira comma Vibno cholerae Vibno 
cnolerae asiaticae 


organiOT was discovered m 1883 by Koch while he was 
wornmg as head of a commission to study the disease m Alexandria 
d^g an E^tiM epidemic. The toxicity of cultures of the organ 
knowl^ ^ ^ Pfeiffer m 1891 The early development of 

cf the natural lysis of bactena was done with 

their earW Durham used the organism m much of 

their early work on agglutmation. 

meroi^'^r™ The organism has caused nu 

widespread epidemics of cholera some of which have 
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extended to America. The organism has its true home in the dells 
of the Ganges from which most epidemics have originated. At 
present the organism causes endemic cholera in various parts of 
Asia but is not prevalent in any other continent. 

Three types of individuals, the infected case, the convalescent 
case, and the healthy carrier serve as centers from which the 
organism is spread. The organism is eliminated in fecal matter and 
gains access to susceptible individuals by contact, by fomites, and 
by water and food. Flies are also a means by which the organism 
is spread. 

Morphology and Staining. Vibrio com?na is a short, curved rod, 
0.4p. hy l.Sii. in size. It is com- 
monly called the “comma 
bacillus” because of its comma 
shape. Spiral filaments de- 
velop in old cultures but are 
rarely seen in intestinal dis- 
charges. In old cultures, thick- 
ened and irregularly clubbed 
and granular shapes are fre- 
quent (Fig. 19.1). The organ- 
ism is actively motile by means 
of one polar flagellum (Fig. 

19.2). It is noncapsulated and 
nonsporeforming. 

The organism is not stained 
as readily as many other bac- 
teria. It is Gram-negative. 

Growth Requirements and 
Characteristics. This species of 
Vibrio is aerobic and is easily isolated from the stools of cholera 
patients. It grows at room temperature but more abundantly at 
37®C. It grows best in an alkaline medium. 

Gelatin plate colonies of the organism are round, small, opaque, 
with smooth or slightly granular surface, and are yellowish-white. 
A thin transparent extension grows from the central heavier colony 
(Fig. 19.3). The growth is similar on agar. An abundant growth 
occurs in broth, producing moderate turbidity, and a powdery sedi- 
ment and a thick pellicle are formed. 

Resistance. The cholera vibrio is destroyed by 56®C. in half 
an hour. It is easily destroyed by desiccation, sunlight, and the 
common disinfectants. 

Biochemical Properties. Vibrio comma produces acid but no 
gas from dextrose, maltose, mannitol, galactose, sucrose, and levu- 
lose; docs not ferment lactose, inulin, or dulcitol; forms hydrogen 



FIG. 19. t — Vibrio comma from on old 
culture showing numerous coccoid 
forms, X 2,000. (From Nowok; Docu- 
menta Microbiologico, courtesy Gustav 
Fischer.) 
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sulphide reduces nitrates, liquefies coagulated serum and gelatin, 
forms mdol, produces ammonia and catalase It causes an increased 
alkalinity m litmus milk, which is generally not coagulated or pep- 
tonized m 14 days 

Antigenic Structure and Toxins An O antigen is common to 
all strams of the organism, but three subtypes have been described 
Bacteriolytic serum causes the liberation of toxic substances which 
produce death in guinea pigs Such substances are not classed as 



true toxins, masmuch as anti- 
toxins are not produced He- 
molysms arc produced by some 
strains 

Pathogenicity. The cholera 
vibno IS not pathogemc for 
lower animals The guinea pig 
may be infected by the alka- 
hnization of the intestmal tract 
pnor to the feeding of virulent 
cultures Intropenloncal inoc- 
ulation with a young culture 
kills the gumea pig within 48 
hours Man is variable m re- 


FIG 19 2 — V«bno <emma 
younfl flagellated cell*. Van 
hem ttain x 2 000 (From 
Documenta Microbiologica, 
Gustav F scher ) 


showing 

Ersseng 

Nowak 

courtesy 


sistance, predisposing factors, 
such as gastric disorders pro- 
duced by overeatmg and 
drinking, are sigmficant 


V. j , The organism produces 

such a severe diarrhea .ti man that the intestmal epitheUum is des- 

conditions 

durms X 1 disease m man are attributed to the loss of water 
durmg the imtial sUge of purgation. 

dmeir^n^' defimtely nnmune to the 

but without treatment 

antibodiP-t! Antiserum is not of value Sensitizmg 

observed in tb active m agglutination and alexm fixaUon are 
te The natural disease 

Dia^^Zr''’, r “t value m diagnosis 

od of diagnosis ^ organism is the only sure meth- 


Vibrio mefcbnikovji 

nifcom^rSp^umtiSh”^™'’™ Mun-ospora metcl 

1888 from ahieW^’ieh "•atohnifcouu i 

died of an acute mtestmal infectioi 
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He observed the similarity of the diseases produced by this organ- 
ism and the vibrio of human cholera and noted the differences be- 
tween the disease this vibrio produced and the septicemic cholera 
of chickens. Metchnikoff, in 1891, described an immunity which 
was produced in the guinea pig by the injection of Vibrio metchni- 
kovii. 

Distribution and Transmission. The original work of Gamaleia 
appears to be the only record made of the isolation of the organisms 
from the natural disease. The 
distribution and transmission 
of the organism, therefore, are 
not known. 

In 1946, Kaschula and Can- 
ham observed outbreaks of dis- 
ease in chickens in Natal, So. 

A.£rica, from which this organ- 
ism was isolated. This is the 
first report of the organism in 
So. Africa. Much of the data 
on the morphology and physiol- 
ogy of the organism are based 
upon studies made of strains in 
culture collections. 

Morphology and Staining. 

Vibrio metchnikovii is a curved 
rod, O.Sp. by 2j.i in size, with 
round ends. Variable shapes, such as coccoid and spiral, have been 
observed in old cultures. It is motile by means of a single polar 
flagellum. It does not produce spores or capsules. 

The organism is stained readily by the common dyes and is 
Gram-negative. 

Growth Requirements and Characteristics. This vibrio is 
aerobic and grows at room temperature. It is cultivated easily upon 
most of the common media, such as nutrient agar, upon which it 
produces small, yellowish, round, glistening colonies. It clouds 
bouillon and produces a delicate white pellicle. 

Resistance. A temperature of 50°C. kills the organisms in 5 
minutes. 

Biochemical Properties. Vibrio metchnikovii produces acid but 
no gas from dextrose and lactose; produces indol; reduces nitrates 
to nitriles; liquefies gelatin and solidifies egg medium; coagulates 
mdk with the formation of acid. 

Antigenic Structure and Toxins. The organism does not pro- 
duce true to.xins. It is antigenicaUy distinct from V. comma. 



FIG. 19.3 — Vibrio comma on gelatin 
plate, X 45. (From Nowak: Docu- 
mento MIcrcbloiogito, courtesy Gustav 
Fischer.) 
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Pathogenicity. The organism produces an acute, fatal gastro- 
enteritis m chickens and is especially pathogenic for young ones 
It produces a marked mflammation of the mtcstinal mucous mem- 
brane, causing the formation of a sangumous, yellowish-grey fluid 
It does not affect other tissues, this is noteworthy m regard to the 
heart, smee it differentiates this disease from septicemia 
The temperature of the animal does not increase 
The pigeon and gumea pig are susceptible to the organism, this 
fact provides a method used to differentiate it from Vibrio comma 
Large doses cause death in rabbits and mice 

Diagnosis Isolation and identification of the organism are the 
only positive methods of diagnosis 


Vibrio fetus 


Synonyms and History. Spinllum fetus In 1913, McFadyean 
and Stockman isolated a vibrio from cases of abortion m ewes and 
cows m England Theobald Smith, in the United States, described 
an organism m 1918 which he isolated from cows with abortion He 
considered it identical with the organism of McFadyean and Stock- 
man, and the followmg year, 1919, Smith and Taylor named it 
Vibno fetus 

Distribution and Transmission In addition to the original dis- 
cover of the organism m England and in New Jersey, the isolation 
of the organism from sheep and cattle has been reported from 
Connecticut. Wyoming, New York, Iowa, Ilbnois, Montana, and Cali- 
tomia Cases of abortion in ewes and cows which are known not 
o e cause y Brucella abortus should be mvestigated with respect 
to Vibrto fetus 


K elinunaled from the infected animal before 
tami Grass pastures and other feeds are thereby con- 

toinated and transmit the organoim to susceptible animals Marsh 

mtecS r. - "“t earned over by 

mfected ewes from one breedmg season to the next 

been artificial insemination in the bovme has 

com^°lap°ran7s ^ 

1 5 to 5,1 in length (Pig 19 sf 0 2 to 0 5p m breadth by 

cells chng together fnm,„„ i ' a number of the short 

across the field of the o 1 ^ spnsds which may extend entirely 
slamed by l tr ctm f abjective Granules, which are 

Siam, are ohse^erm bo h 

'-ted m one end of a ceS-'i^riVs'/ 
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these granules are filtrable but no growth is obtained from the 
filtrate. The organism is motile by means of a single polar flagellum. 
Rhoades has observed by electron microscopy that the comma- 
shaped organism usually has a polar flagellum, whereas many of 
the S-forms have bipolar flagella. It is not capsulated and does not 
form spores. Ryff and Lee have described “ribbon” forms of the 
organism which they suggest may be resistant dissociative phases 
that serve to perpetuate the infection. 

Vibrio fetus is stained densely hy alkaline methylene blue, 
crystal violet, and carbol fuchsin. It is Gram-negative. 

Growth Requirements and 
Characteristics, The organism 
is obtained from the placenta 
of an aborting animal and from 
the stomach, liver, lungs, and 
kidneys of the aborted fetus. 

It grows best in microaero- 
philic conditions and in an at- 
mosphere of 10 per cent car- 
bon dioxide, but is not strictly 
anaerobic. The optimum tem- 
perature for growth is 37.5®C. 

A medium containing blood 
serum, whole blood, bits of 
fresh tissue, or stomach con- 
tents is best suited for primary 
isolation. Huddleson has found 
that a semisolid agar medium 
known as “thiol” is superior to other media for the cultivation of 
Vibrio fetus. In this medium the organism grows profusely at or 
within 0.5 mm. of the surface of the mcdiimi, reaching maximum 
growth in 4 days. He observed that the vibrios will remain alive 
for at least 150 days without intervening transfer in tubes of this 
medium. 

An agar slant, enriched by any of the above tissues and sealed 
after inoculation, yields growth after three or four days of incuba- 
tion. It appears as two narrow, greyish-white, opaque lines, less than 
1 mm. broad, extending upward from beneath the surface of the 
condensation water where the agar slant comes in contact with the 
glass. The growth extends around and between the agar butt and 
the test tube, producing a thin, veil-like layer. The condensation 
water is slightly clouded by the organisms in it. 

On blood agar, the organism forms fine, pin-point, bluish areas 
from 1 to 3 mm. in diameter visibly raised above the surface of 
the medium. 






FIG. 19.4 — Vibrio fetus showing nor- 
mal, curved, flagellated cells, X 1,000. 
(From Smith, courtesy Journal Experi- 
mental Medicine.) 
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The organism produces a faint cloudmg in fluid media after it 
has become adapted to growth under artificial conditions- 

Resistance Vibrio /efus is killed in 5 minutes at 58®C and is 
readily killed by drying, direct sunlight, and chemical dismfcctants 
Laboratory cultures must be transferred weekly in order to main 
tarn them, and they must be stored in a dark chamber because they 
are sensitive to bght Cultures of the organism survive m room 





temperatures longer than at re- 
frigerator temperatures of 5®- 
6®C 

Vibrio cultures covered’ 
with heavy mmeral oil were 
found to be viable at the end 
of 33 days by Ward and Lee 

Lmderstnith and Ward 
studied the survival of three 
strains of this vibrio mixed m 
hay, sod, and manure These 
materials were kept at 6®C , 
20®C , and 37®C and examined 
for viabihty of the organism at 

20, and 30 days Survival 
was noted m all matenals at 
the end of 10 days, survival at 
6®C in 20 days, and no sur- 


PlastnHoo ovij TT . , vival at the end of 30 days 

streptomycin per mimbr ^ound that 500 micrograms of 

fePtfon ofeow, bv r PPP-P"’ ” 

gamsm L noTseLlw The or 

gramicidin, and tyrothricuj’ Terramycm, bacitracm, 

nose, dextroseTdex™m'*d'Sciiri *’"1 ferment arabi- 

maltose, mamutol raff?' ’ galactose, muhn, lactose, levulose, 

It does'„”rr™ --ose, sorbitol, and 'trehalose 

report no change m htmus nfl investigators 
ported some reduction. Th ’ Pwee, Poelma, and Faber le- 

to be a method of differentiatLe Bryner and Frank 

strains of Vibrio which are aSf nonpathogenic 
bovme and which do not T»r,5^ ^ genital tract of the 

duce HaS while Vibno fetus latter strains pro- 

been observed for ^ ^ antigens have 

Jetus Various strams of the organism studied 
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with the agglutination test have appeared to be antigenically homo- 
genous, although certain strains have been found to be more 
agglutmable than others 

Variable results obtained with the agglutmation test m the 
diagnosis of vibriosis m cattle and sheep indicate that there are a 
number of different antigenic strains of the organism Marsh and 
Firehammer found that the majority of ovine strams they studied 
were of one type but that there were three other types The bovine 
strains were of a fifth type There was some relationship between 
the bovme type and two of the less common ovme types 

Price, Poelma, and Faber have shown that cross-agglutination 
and reciprocal absorption tests, using heat-treated cell suspensions, 
indicate that the somatic antigens of the bovme strains were of four 
different types which were designated as types I, II, II, and TV An 
ovme strain, not antigemcally related to the bovine strams, was 
designated type V 

It has been shown that antigenic components are shared by 

V fetus and Brucella abortus^ thus leading to confusion in the 
diagnosis of abortion m cattle For example, Kiggins and associates 
demonstrated, by usmg agglutinin absorption tests, that brucella 
antigen removed both V fetus and brucella agglutmms from Br 
abortus antiserum, whereas the vibrio antigens absorbed all of the 

V fetus antibodies from Br abortus antiserum but did not reduce 
the titer for Br abortus appreciably They concluded that V fetus 
infection does not interfere with the agglutmation test for brucel- 
losis, and that Br abortus infection may mterfere with the agglu- 
tmation test foi vibriosis if the V fetus antigen is made from strams 
which possess antigenic components similar to those of Br abortus 

Specific toxms have not been demonstrated for V fetus 

Patbogemcity Vibrio fetus causes abortion m the pregnant 
gumea pig, producing lesions characterized by epithelial sloughing, 
hyperemia, hemorrhage, myometrial and subendometnal edema, 
and cystic uterme glands, according to Ristic and associates The 
above mvestigators have also shown that abortion is caused m preg- 
nant hamsters and that the mfection may be transmitted by coitus 
from the mfected male to the female 

The organism has not been shown to be pathogenic to rabbits, 
swine, rats, and mice 

Plastridge and Wilhams have observed that the chick embryo 
is lolled within five days by Vtbno fetus and that the organism 
grows m the allantoic fluid According to Webster and Thorp, the 
organism grows m the chorioallantoic membranes of infected em- 
bryos and, m addition, lesions are found m cutaneous tissues, liver, 
kidney, spleen, gizzard, and bram 
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It localizes m the uterine mucous membrane producmg pre- 
mature parturition m the ewe and cow Ryff and Lee have foimd 
that ewes were not uniformly susceptible to experimental infection 
and that various strains of the orgaiusm were not uniform m 
pathogenicity Lee and Scrivner evaluated various methods of 
producmg abortion m pregnant ewes Some were given a drench 
contaimng the fetal fluids, vaginal fluids, and cultures of the or 
gamsm, some were injected mtravenously with the culture, some 
were given combmations of the above In general those animals m 
which the cultures were mjected mtravenously aborted while those 
receiving the organisms m a drench did not The organism may be 
present in the uterme discharge days before abortion occurs Specific 
lesions are not found m organs other than the uterus 


Rhoades and Hardenbrook, m 1947, reported Vibrio fetus as 
the cause of abortion m dairy cows m llhnois This was the first 
report of the disease from that state m the cow They did not 
produce abortion m pregnant cows by mjectmg cultures of the 
organism mtravenously The presence of vibriomc abortion m 
cattle herds of Connecticut was reported by Flastndge, Williams, 
and Petrie in 1947 and by Plastndge and Wilhams in 1948 They 
were able to demonstrate the presence of the infection m cows by 
the use of the agglutmation lest The above mvestigators observed 
that the infection is most prevalent during the first year after its 
introduction mto the herd and that animals over two years of age 
j susceptible if they have never been previously exposed In 
addiUon to abortion m the bovme the organism is considered to 
produce a low grade infecbon m the uterus which causes infertility 
In Sweden Olson observed that abortion m cattle was a spo- 
radic ^ase even m a herd where the disease was present Over a 
period of 20 years 1924-1343 2,105 cases of vibnomc abortion 
occurred bemg 10 per cent of the total number of aborted placentas 

exammed durmg that time 

The ability of Vibno fetus to produce infecUon m the human 
^mg was not reported until 1947 when Verge m France described 
acute woman at the sixth month of pregnancy after an 

with a <!li K 1 course of her illness a mixed infection 

on culture of the peripheral 
S vJSe identified as V fetus 

France from eiih ^ ^ ^ heen isolated m 

^ Ward, m 1948 

Gram posiUve rod rva,; orgamam. Although a larger 

I“‘on, .t ts cona.dered 
imdicant Umt the v.bno ttas able to mult.ply m the human body 
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Othei reports of human infection have been made, but the organism 
IS not considered to be an important pathogen for man 

Immunity. Little is known concerning the active immumty to 
the infection produced by this organism Agglutmatmg antibodies 
are produced durmg an active infection and are easily developed 
in the labbit by the subcutaneous mjection of the orgamsm Agglu- 
tinatmg antibodies usually do not persist in the cow or ewe until 
the next season and such animals may then conceive 

Bacterm therapy has been reported of no value in producmg 
immunity by Plastridge and associates 

Diagnosis. The diagnosis of vibriosis in cattle and sheep is 
essential to determine the cause of abortion and the cause of m- 
fertility The latter problem is considered to be the most important 
It IS essential to isolate V fetus from an aborted fetus m order 
to differentiate the abortion caused by it from that produced by 
Bnicella abortus or any other cause 

The agglutmation test is recognized as a valuable method of 
detectmg infected animals which may be spreading the infection 
Blood serum and vaginal mucus are used in the agglutmation test 
Antigens used for the test must be so prepared that H antigen is 
preserved, hence the use of hot formahmzed saline as the diluent 
A positive reaction in 1 200 is considered suspicious and 1 400 
IS positive evidence of infection Blood serum is usually positive 
before the vaginal mucus m an infected cow, although the reaction 
persists in. the mucus longer than m blood serum The tampon 
method is a valuable technical aid m collecting vaginal mucus for 
the test 

V/brio 

Synonyms and History. In 1927, Smith and Orcutt isolated 
a vibrio from the spleen of a calf suffermg with a severe dianhea 
This vibrio was similar to Vtbrto fetus in morphology and physiol- 
ogy, but was different anUgenically In a senes of papers published m 
1931, Jones and Little, and Jones, Orcutt, and Little described an or- 
ganism which proved to be the etiologic agent of a condition referred 
to as "winter dysentery" m cows and calves The morphology and 
physiology of the organism plus the fact that it was commonly iso- 
lated from the jejunum of infected animals led them to name it Vibno 
jcjimt 

Dislnbulion and Transmission. The natural cases of the disease 
from which the orgamsm was isolated were found in cattle herds m 
New Jersey The experimental producUon of the disease by oral 
inoculation of mfcclivc ftcal matter and of pure cultures suggests 
llial the organism is uaturaliy transmitted b^ the medium of con- 
taminated water and feed 
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Jlorphology and Staining Vibno jcjunt is notably pleomor- 
phic presenting three different forms in the same preparation, the 
first IS active, short, and slightly convoluted with a flagellum at one 
or both poles, the second is less active, wth two or more complete 
coils the third is comparatively nonmotile and is long and con- 
voluted (Fig 19 6) As the cultures of the organism age, the cells 
form mto clumps and then dis- 
mtegrate into fragments and 
granules 

The organism is stained 
well by the ordmary dyes after 
prolonged exposure It is Gram- 
negative 

Growth Requirements and 
Characteristics This organism 
can be isolated from the mate- 
rial m the lumen of the intestme, 
but it IS more successfully iso- 
lated when bits of intestinal 
mucosa are washed, then 
ground, and moculated into the 
condensation fluid of blood agar 
Contammation with colon types 
of bacteria is prevented by the 
prelimmary washmg and by the moculation of secondary cultures 
trom the primary ones The organism is microaerophihc, hence, aU 
cultures are sealed 

optimum pH for growth is 7 6, the organisms fail to grow 
m sUghtly acid or m defimtely alkalme media The optimum 
temperature for growth is 37 S^C 

^e growth of the organism is mamtamed m the laboratory 
by addmg pieces of fresh kidney to veal mfuston agar 
p j j sgST the condensation flmd becomes cloudy m four or 

«ar f at the bLer of the 

fcied become well de 

S sl,„ ^ 1“'^- part of the slant 

^/wn^iSrTd 

perature of ^ killed within 5 minutes by a tem- 

mto moist when moculated 

thoroughly dry It lu Perishes when the feces become 

soluble m 24 hours m distilled water It is not 
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Biochemical Properties. Vibrio jejuni does not ferment carbo- 
hydrate media and does not liquefy gelatin or blood serum. 

Antigenic Structure and Toxins. The strains of the organism 
studied by Jones, Orcutt, and Little fall into two groups on the 
basis of agglutination. One group is composed of two strains iso- 
lated from diarrhea in cows, and the other is composed of all the 
strains isolated from the intestinal tracts and livers of calves. The 
calf group, in turn, is divided by agglutinin absorption into a group 
which possesses a complete antigen and another which has a partial 
antigen. 

No one of the vibrios classified as Vibrio jejuni is antigenically 
similar to Vibrio fetus. 

Toxin production has not been reported. 

Pathogenicity. The organism is not pathogenic to laboratory 
animals under usual conditions. Guinea pigs and white rats resist 
intraperitoneal injections. Some recently isolated strains produce 
an increase in temperature and diarrhea in rabbits. The administra- 
tion of 0.5 gm. of sodium bicarbonate to the rabbit increases the 
pathogenicity of the organism resembling Vibrio cholerae in this re- 
spect. When it is injected intraperitoneally, the organism produces 
necrotic foci in the liver of white mice. 

Jones and Little found that the disease could be produced ex- 
perimentally in calves, was less severe but was of the same type of 
enteritis observed in naturally infected cases. Pure cultures iso- 
lated from the infected intestinal tract of such cases were able to 
reproduce the disease in other susceptible calves. It was observed 
that the feeding of sodium bicarbonate to calves was not necessary 
in order to produce infection as was observed in the experiment^ 
infection of rabbits by oral administration. 

In the bovine, the organism causes a severe diarrhea char- 
acterized by dark brown or black feces, often containing mucus and 
blood. The principle lesions are catarrhal inflammation of the 
jejunum and upper ileum and degenerative changes in the liver. 
The disease is rarely fatal. 

In 1946, Levy described the isolation of an organism which 
resembled V. jejuni by blood culture and from the feces of people 
suffering with severe gastroenteritis. Milk was suspected as being 
the vehicle for the organism. Attempts to trace the source of the 
suspected milk supply failed. 

Immunity. Agglutinating antibodies are produced by the in- 
jection of living cultures into rabbits. Facts are not available con- 
cerning the immunity or antibodies produced in the bovine during 
and followng an attack of the disease. 

Diagnosis. The organism is tdentifled by isolation and differen- 
tiated from other vibrios, such as Vibrio fetus, by agglutination test. 



322 Veterinary Bacteriology and Virology 


Miscellaneous Vibrios 

In 1944 Doyle described a vibrio which he isolated in pure 
culture from the mucosa of the colon of swine which had died of 
dysentery. This organism has not as yet been given a name. It forms 
irregular translucent colonies on blood agar plates incubated in a 
10 to 15 per cent carbon dioxide atmosphere for 48 hours. Inocula- 
tion of cultures of the organism into pigs produces typical cases of 
dysentery. 
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The Genera Escherichia, 
Aerobacter, Klebsiella, 
and Proteus 


THE ENTEROBACTERIA 


Intestinal infections which occur in animals and m man are 
commonly caused by Gram negative, plump rods which do not form 
spores These organisms are known under the collective name 
enterobacteria and are classified m the family Enterobacteriaceae 
This family is characterized as follows Many are parasitic 
upon animals and some upon plants, they are Gram-negative rods 
widely distributed in nature, they grow well on artificial media, 
all species attack carbohydrates, forming acid, or acid and visible 
gas all produce mtntes from nitrates the flagella are pentnchous 
when present 

The family is divided mto tribes which in turn are divided into 
numerous genera and species There are six genera— Escherichia, 
Aerobacter, Klebsiella, Proteus, Salmonella, and Shigella— which 
contam spwies of special mterest to students m veterinary bac- 
erio ogy Reactions produced in various media by representative 
strains of these genera are given in Table 20 1 

THE GENUS ESCHERICHIA 


Iv senus Escherichia are wide- 

nal “-"'O-ly found m normal mtesti- 

Som “I *= widespread nature of the 

teun >solated, described, and 

of Eschenrh? ®®fBey’s Manual recognized three species 

Escherichia which are differentiated by the foUowmg key 

^ S^bon'^ utilzed as sole source 


A Hyiogen sulfide not produced 
■I Asc/ienchia cob 

carbon^^'^ utilized as sole source of 


[3241 
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TABLE 20,1 

Differentiation of Enterobacteria * 
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• K = red; C «= colorless; Gr green; y yellow; yg = ycUo>v with gas; — => no 
change; + =» positive; +» = posUvvc slo^v; a acid; ag — acid and gas; ags ** acid 
gas slow ; V = vanabic. 


A. Hydrogen sulfide produced 

2. Escherichia freundii 

B. Hydrogen sulfide not produced 

3. Escherichia intermedium 

The name EscJierichia coli embraces a number of strains of 
bacteria which have been isolated from the intestinal tract of man 
and animals where it is frequently associated with disease. In addi- 
tion to the main species of E. colt, three varieties are identified by 
tlieir ability to ferment sucrose and salicin; 
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(1) Escherichia colt var actdtiacttci does not ferment sucrose 
or salicin 

(2) Eschenchia colt var ncopolitatia ferments sucrose and 
sahem 

(3) Eschenchia coU var communtor ferments sucrose but not 
sahem 

Eschenchia freundu is an organism most commonly found m 
soil and water and to some extent m the intestmal tract of man and 
animals It is not considered to be pathogemc so will not be described 
Its importance m veterinary bacteriology is confined to the con- 
fusion it may create in the identification of cultures belonging to the 
genus Eschenchia origmatmg m ammals or man 

Eschenchia intermedium, Lkewise, is found m soil and water 
and infrequently in the intestmal tract of man and animals It will 
not be described The reader is referred to Bergey’s Manual for a 
complete description of the two organisms mentioned above 

Eschenchia coli 


Synonyms and History. Bacillus colt. Bacterium colt, the colon 
bacillus — these and a host of other synonyms are given in Bergey’s 
Manual, but it is not essential 




/ *’ /T 




FIG 20 1 —Eschenchia coli 24 bov 
ogar culture, x 2 000 (From Nowol 


to list them here 

Eschenchia colt was first 
isolated by Eschench in 1885 
from the feces of infants but 
was more completely de- 
scribed m 1886 Smee that time 
the organism has been found 
m the mtestmal tract of prac- 
tically all vertebrates 

Distribution and Trans- 
mission. The organism is 
World-Wide m distribution It 
is transrmtted by water and 
feed which are contammated 
with fecal matter 

Morphology and Staining. 


1 On 1 r».. . r ^ ^0” IS a short rod, 0 oji by 

forms (Fig 2^)*" It u"” bipolar shapes to long filamentous 

penliichous flagella b4 usually motile ^mth 

The orpanicT« ’ j Strains do not possess flagella 
negate uutlme dyes and ut Gram- 
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Growth Requirements and Characteristics. The organism is 
aerobic and facultatively anaerobic in the presence of a fermentable 
carbohydrate. The optimum temperature for growth is 37.5°C. but 
growth occurs over a range of 15® to 45°C. It grows best at a pH 
of 7 but grows within a wide pH range. It grows readily upon 
common laboratory media. 

On the agar plate the colonies formed are white to yellowish- 
white, turning to brown or golden-brown with age; they are moist, 
glistening, opaque, and circular with an entire edge (Fig. 20.2). 
Yoxmg colonies are finely granular; as they grow older, they become 
coarsely granular. 

In broth the organism produces a diffuse cloudiness and a 
heavy sediment but no pellicle. 

The characteristic appearance of the colonies of E. coli on 
eosin-methylene blue agar is of value for identification. On this 
medium the colonies formed have blackish centers and a metallic 
sheen very much like that of indelible ink. On litmus-lactose agar 
the colonies are red in color and produce a red zone in the medium 
around the colonies. 

Resistance. The organism 
is usually destroyed by 60°C. 
in 30 minutes, but heat-resistant 
strains may survive. Some in- 
dividual cells are able to sur- 
vive freezing in ice for six 
months; 95 per cent of the cells 
are destroyed in 2 hours by 
freezing in liquid air. Death 
is readily accomplished by dry- 
ing and by the action of the 
common disinfectants. 

Biodicmical Properties. 

EsdvericWa coli produces acid ,0.2 - Escherichia coii coionies on 

and gas from glucose, lactose, agar plate, X 10. (From Nowak: Oocu- 
fructose, galactose, maltose. Microblologica, courtesy Gustav 

, . , , * Fischer.) 

araomose, xylose, rhamnose, 

and mannitol; may or may not ferment sucrose, raffinose, salicin, 
csculin, dulcitol, and glycerol; is variable in the fermentation of 
sucrose and sa l i c i n ; rarely ferments pectin and adonitol; never 
icrmenls dextrin, starch, glycogen, and inositol. It is methyl red- 
positive and Voges-Proskaucr-negative; produces catalase; does not 
liquefy gelatin; forms indol; reduces nitrates; coagulates and acidi- 
fies milk with no peptonization; oxidizes potato to a dark brown 
color; does not produce H^S. 
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Antigenic Structure and Toxins. Following the technic which 
was used for the antigenic typing of the salmonellae, KaulTmann of 
Denmark, m 1942-43, published his first results on the typing of 
Eschenchia coU He revealed that certain strains of E coli which 
were beheved to be magglutmable were bearers of an antigen, L 
antigen, which prevented O agglutination Kiupschildt, 1945, showed 
that these bacteria possessed two other antigens A and B in addition 
to the L antigen All three antigens A, B, and L were located in the 
capsule of the organism and all inhibited O agglutination. After 
recognizmg the presence of such antigens, it became possible to 
recognize antigeiuc strains, and upon this basis Kaufimann demon- 
strated 55 different antigemc strains and Knipschildt mereased the 
number to 110 Later in 1945 Vahine showed that the A, B, L anti- 
gens were really only a quantitative relationship rather than 
qualitative antigens so the term K antigen was adopted for the 
capsular antigens The presence of flagella upon E colt mdicated 
that H antigen should be m the antigenic picture The maintenance 
of flagella was solved by Vahlnc by the passage of E colt organisms 
through senusolid agar in a U-tubc Consequently, ho was able to 
add 19 diflerent H antigens to the 3 discovered by Kauffman 

The Kauffman-Kmpschildt— Vahine E colt antigenic scheme is 
based upon the three antigens O, K, and H. The source of the cul- 
tures typed by the above mentioned investigators was the human 
bemg and for that reason may have limited application in veterinary 
bacteriology, although strains common to animals and man have 
been revealed. 


In a most comprehensive treatise Wramby of Sweden in 1948 
classified the antigemc strains isolated from calves and a few from 
chickens by usmg the scheme mentioned above Many c alf strains 
could be placed with the homo strains but it was clear that a 
considerable number were confined to calves In their publication 
IdenttficaUon of Enterobactenaceae, Edwards and Ewmg have sum- 
marized the antigemc structure of the various strains of this or- 
gani^, to which the student is referred for details 
;ae organism does not produce exotoxin. 
rc. Strains of the organism which have been iso- 

mes ^ ^ disease process will produce death in gumea 

48 hours The animals die with a 
fihnn^p^m pentomt.3 and m soma case, a septicenua 

nuiiierous*tis^®” anim^ (he organism has been isolated from 
be the onlv ected with disease In some cases it appears to 

mvader Th(» auism present, but m many it occurs as a secondary 
” Aoushw" grows on culture media 

sources ^ frequent isolation from a wide variety of 
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Most of the cases of calf dysentery, “white scours,” or coli- 
bacillosis, are produced by E. coli; in fact, all young animals appear 
to be more susceptible to the organism than old ones. It is also 
associated -with pyelonephritis, navel infection, joint infection, 
cervicitis, cystitis, mastitis, and metritis of the bovine. 

E. coli is recognized as an inciter of suppurative exudates and 
has been isolated from wound infections and abscesses of various 
animals. It invades the blood stream during the agonal stages of 
many diseases and for that reason septicemia is commonly attrib- 
uted to it. In some cases, however, septicemia is caused by particu- 
larly virulent strains. 

Hjarre and Wramby (1945) in Sweden described a specific 
granuloma-like condition which was found along the intestinal 
tract. The lesion was considered to be an atypical form of avian 
tuberculosis, but a capsulated culture of E, coli was the only organ- 
ism isolated. These investigators subsequently have found that such 
an organism is the etiological agent The disease in chickens is re- 
ferred to as HjSrre’s disease although the original discoverers prefer 
the term, coligranuloma. 

In man, the organism produces fatal intestinal infection in 
infants and in mature people is associated with peritonitis following 
intestinal perforations, gall bladder infections, inflammation of the 
pancreas, infections involving the uro-genital tract, pneumonia, and 
meningitis. It is found in the majority of the abscesses and fistulae 
involving the perineal region of man. 

Immunity. Natural infection results in the formation of anti- 
bodies, but little is known concerning the immunity which is pro- 
duced. 

Bacterins prepared from the organism have been found of 
value in chronic cases. The organism is commonly incorporated in 
the mixed bacterins which are to be used in the various species of 
einimals to protect against intestinal infections. Mixed bacterins 
contsdning numerous strains of the organism which have been 
isolated from cases of calf diarrhea are used for immunization 
against the disease. The calf is immunized the first day of life. 
Autogenous bacterins prepared from a single strain of the organism 
isolated from a herd have been found valuable in the herd. 

It is apparent that the use of strains of E. coli in mixed bac- 
terins as prophylactic agents for animal diseases should be based 
upon antigenic types, but, as yet, no one has typed the strains of 
E. coli found in the United States. 

Immune serum has been proven effective in treating calves 
which are infected with E. coli. 

Diagnosis. This organism is Identified by isolation in pure cul- 
ture and growth on various differential media. In the diagnosis 
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of disease media which are used for preliminary isolation must be 
sufficiently nutrient to support the growth of other organisms sus 
pccted If this IS not done, one is able to isolate E. colt from 
numerous tissues because it grows on most any type of medium 


THE PARACOLON GROUP 


The isolation and study of the enterobacteria has revealed the 
existence of a group of bacteria, similar to E colt in many respects 
but differing sufficiently to warrant discussion These bacteria are 
commonly called the paracolon bacteria or the paracolon group 
The fermentation of lactose has been the basis of classif>ing 
the enteric bacteria since the early days of bacteriology, so it is 
understandable that an organism should bo placed in a separate 
category if it did not ferment lactose as rapidly as a typical Escher- 
ichia In this instance, however, it is not a question of whether 
lactose is fermented or not but how slowly lactose is fermented. 
Consequently, there has appeared m the literature numerous de- 
scriptions of organisms of this group which are characterized by the 
slow fermentation of lactose 


''““‘fying these bacteria, Borman. Wheeler, and Stuart m 
IJM formed the genus Paracolobaclrum Bergey’s Manual (1943) 
eoWoT" ^ wosenotdes, P mlcmtcdmm, and P 

"uma:: gas^oentenus 

cultures‘^wh^?w ftflogtcal typmg of tho Salmonella 

encountered n submitted to them, Edwards and his associates 
and which re ” could not be classified as Salmonella 

Trnir sotewhaTe^ ""i Although this group was. as 

not he used enti 1 °^ ^ ermentmg lactose, this characteristic could 

froratrned Ry"--. - W3D, isolated 

rate group 

senpuons of this Broun ho “‘■>'‘1 Subsequent de- 

Edwards West, 

authors describe the Ari^nne. summary the above 

coUform bacteria wbint, group of paracolon bacteria as motile 
mdol, are mXlred' H'S, but fail to form 

duce acid and gas from eIucI' '^“^'’‘■Rroskauer negative, pro- 
sucrose dulcilolorsahem. or ferment 

hquefy gelatin. In this study varymg avidity and 

be divided mto 19 ermme / j ee it was found they could 

the types were serolosicallv rol antigenic analysis All of 

types were found to bp »• w ^ted to Salmonella and the various 
related to infections m anunals The cul 
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tuxes which were studied were isolated from reptiles, fowls, rodents, 
swine, man, and egg powder. 

In their study of the paracolon bacteria Hinshaw and McNeil 
revealed their presence in gopher snakes, lizards, turkey poults, and 
rattlesnakes. The significance of these bacteria in reptiles was empha- 
sized and the incrimination of such animals as sources of infection 
to avian species as well as domestic animals and man, was a most 
worthwhile contribution. 

Upon continued study of the characteristics of paracolon bac- 
teria of human origin, Edwards, West, and Bruner described cultures 
which they designated the Bethesda group, because most of the cul- 
tures originated from Bethesda, Md. They describe this group as 
follows: slow lactose-fermentmg cultures that are methyl red-posi- 
tive, Voges-Proskauer-negative, indol-negative, H 2 S-positive, d-tar- 
trate-positive and Simmons’ citrate-positive. Urea utilization is nega- 
tive when tested by the method of Ri^tigian and Stuart (1941) , but 
most cultures give positive tests by the method of Christensen (1946) . 
Dulcitol usually is fermented promptly, although dulcitol-negative 
strains occur. Sucrose generally is not fermented, although occa- 
sional cultures may ferment sucrose. 

A third group of paracolon bacteria called the Ballerup group 
was described by Bruner, Edwards, and Hopson in 1949. This group 
is so named because the original culture which was considered to 
be the type species of the group was named Solmonella ballerup. 
This group is characterized as follows: motile or nonmotile coliform 
bacteria which jxroduce abundant H^S hut fail to form indol; usually 
are methyl red-positive and Voges-Proskauer-negative; promptly 
produce acid and gas from glucose, arabinose, maltose, rhamnose, 
xylose, trehalose, mannitol, and sorbitol; attack lactose, sucrose, dul- 
citol, and salicin with varying avidity, but fail to ferment inositol; 
utilize d-tartrate, usually utilize sodium citrate, and rarely liquefy 
gelatin. Practically all of the 45 cultures which were originally 
placed in this group by the above investigators originated from 
cases of gastroenteritis in man, but cultures from a hog, a hen, 
a duck, oysters, and sewage were included. 

The latter two groups are now classified together under the 
term Betbesda-Ballerup Group. 

THE KLEBSIELLA-AEROBACTER GROUP 

It has become apparent that the microorganisms which are 
methyl red-negative, Voges-Proskauer-positive, and citrate-positive 
belong in one group. They have been divided into two genera: Kleb- 
siella, which are nonmotile, and Aerobacter, which may be both mo- 
tile or nonmotile. The nonmotile forms are indistinguishable from 
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Klebsiella, but in the past these have been classified as Aerobacter 
aerogenes Edwards and Ewing state that these should be classified 
as Klebsiella and that the motile forms can be classified as Aerohac- 
ter cloacae, therefore, Aerobacter aerogenes should be discarded as 
a species No doubt, a future edition of Bergey’s Manual wiE contam 
the above changes, but until that occurs, it is best to adhere to the 
nomenclature which is official For that reason the name Aerobacter 
aerogenes will be used 

Aerobacter aerogenes is found frequently m the same environ- 
ment as E coll Its natural habitat is considered to be water and 
soil, this explams its frequency m water, as well as its presence in 
the mtestmal tract of man and animals It is rarely pathogenic but 
has been isolated from cases of cystitis m man and in the dog This 
organism is encountered m bovme mastitis, where it persists and 
causes clmically apparent cases of the disease 

The Coh-Aerogenes Test m Water Analysis. In the bacterio- 
logical exammation of water supphes, the presence of Eschertchta 
coh and Aerobacter aerogenes is used as an mdication of fecal 
contammation, and thus indicates that the typhoid fever organism, 
also, may be present m the water Routme methods which are 
designed to detect coh aerogenes organisms are followed m pubhc 
health laboratories A general outhne of the test follows 

The test is based upon the assumption that the coh-aerogenes 
group includes all Gram-negative, nonsporefonmng bacteria which 
ferment lactose with the formation of acid and gas and grow 
aerobically on standard sobd media 

divided into three parts the PresumpUve, the Par- 
tially Confirmed, and the Completed 

test IS positive for the coh-aerogenes group 
1 per cent or more gas forms in a standard lactose broth 
f^enlation tube mthm 24 hours at 37°C 
ihe appearance of aerobic, lactose sphttmg colonies on Endo 
blue plates made from a positive 
test f ‘“lie constitutes the Partially Confirmed 

1 Se Corner 'Ol-iiercgenes orgamsms 

™^Completed test reqmres the inoculation of lactose broth 


haciecra‘iu“',“’°"^ nonsporeformmg. Gram-negative 
The lactose 1 °^ t ^ Partially Confirmed test 

St to acid and gas for a positive 


pathogenic for animals R,., ^ aP«ues. Klebsiella genitalmm, is 

of Klebsiella pneumonme ‘* 11 ® organism as a variety 

would be adequate to cl ' ** would seem that host specificity 

assiiy it as a separate species 
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Two species, Klebsiella gemtahum and Klebsiella pneumoniae, 
will be discussed below 

Klebsiella genifa/ium 

Synonyms and History. The name Encapsulatus gemtahum 
was given to an orgamsm which was isolated from the genital tract 
of mares It was discussed in the annual report of the director of 
the Agricultural Experiment Station of Kentucky m 1924 Dimock 
and Edwards of Kentucky described the organism and the disease 
It produces more completely m 1926 

Distribution and Transmission Klebsiella gemtahum has been 
found m mares m Kentucky and Virginia, but httle is known of 
its general distribution 

It IS readily transmitted through breeding, generally by the 
infected stallion Lack of asepsis m artificial insemmation and m 
the examination of a number of mares for gemtal abnormahties is 
a factor in the spread of the infection 

Morphology and Staimng The organism is a nonmotile, encap- 
sulated rod which vanes m morphology from coccoid shapes to 
long forms It varies from 0 9 to 1 7p. in breadth by 1 8 to 3 7^l m 
length The coccoid form is most prevalent in old cultures 

It is stamed readily with the ordinary aniline dyes and is Gram 
negative The capsule surroundmg the organism is easily dem- 
onstrated by any of the capsule stains 

Growth Requirements and Characteristics Klebsiella pem- 
tahum is aerobic and facultatively anaerobic, grows abundantly on 
the common media incubated at 37°C The optimum pH for growth 
IS 6 8 to 7 2 

Colonies of the organism on the agar plate are large, raised, 
and roimd with an entire edge On the agar slant, the growth is 
yellowish in color, moist, glistenmg, and so viscid that the culture 
flows to the bottom of the test tube The organism produces a 
marked turbidity and a heavy, ropy sediment m broth A typical 
nail head type growth occurs on. gelatin 

Resistance The bacterium is easily killed by a temperature 
of 60®C for 20 minutes and by the common, disinfectants 

Biochemical Properties Klebsiella gemtahum produces acid 
and gas from glucose, lactose, sucrose, raffinose, xylose, sahem, 
glycerol, and adonitol, does notfeiment inuhn, does not form mdol, 
IS methyl red negative and Voge-'-Proskauer-positive, reduces m- 
trales to nitrites, does not liquefy gelatin It is able to utihze citrate 
as a source of carbon It grows abundantly m milk, producing an 
mitial slimy ropiness followed by acidification, coagulation, and gas 
formation 
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Antigcmc Structure and Toxins The cqume strams of the 
orcamsm belong to the same antigenic group according to ogglnti- 
nation and precipitation reactions Cross agglutination has ec 
noted with strains of Klebstclhi pneumoniae 

The organism does not produce cxotoxin 

Palhogeiucity Klebsiella genitalium produces septicemia m 
gumea pigs and rabbits, causmg death m 12 to 24 hours Rabbits 
mjected mtravenously wth large doses of the organism may ® 
within 24 hours 

Intra utenne mjecUon of saline suspensions of living cultures 
of the organism mto a mare reproduces a marked cervicitis an 
metntis accompamed by a copious, slimy, purulent exudate m a few 
days The organism can be isolated from the cervix, uterus, 
fallopian tubes, and mgumal lymph glands of mares sulfenng with 
a natural infection Interference with the oestrus cycle and the 
production of permanent stenhty are common sequelae of the 
infection 

Inumuuty Data are not available concerning the immunity 
produced by the organism 

Diagnosis Klebsiella gemtoltum infection is diagnosed by ^6 
isolation and identification of the organism Agglulmins are formed, 
no doubt, during the disease, but the agglutination test is not 
routmely used in diagnosis 

Kfebsiel/a pneumoniae 


In 1882, Friedlander described a “micrococcus” which he had 
isolated from a case of lobar pneumonia in man Subsequent 
mvestigations of the organism by Fninkel and by Weicbselbaum m 
1886 revealed that the organism was a short rod which occasionally 
presented coccoid forms 


Klebsiella pneumoniae is the type species of the genus Kleb- 
siella and strains of the organism are commonly used m studying 
organisms of the same group which have been isolated from other 
sources Edwards mcluded strains of the organism and related 
encapsulated bacteria m his studies of Klebsiella genitalium 

The organism is normally a short, plump rod with rounded 
ends It IS extremely pleomorphic, varymg m length from 1 5 to Stu 
it IS surrounded by a heavy capsule two or three times as large as 
the organism itself (Fig 20 3) The organism is easily cultured on 
or ary agar media on the surface of which it forms white, mucus- 
l^e colonies which are slimy and semifluid m consistency It fer- 

eiveft? formmg both acid and gas, and 

gives the reactions common to the group on other types of media. 
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Klebsiella pneumoniae is composed of a number of different 
strains whicli are not agglutinated by tbe same antisera. Julianelle 
has shown that the antigenic structure of the organism is changed 
by dissociation. The S forms are mucoid, encapsulated, virulent, 
and possess a group-specific antigen in the cell bodies and type- 
specific polysaccharide partial antigens in the capsules. The non- 
capsulated, avirulent R forms contain only the group antigen of 
the cell bodies. Julianelle 
divided the strains of the Fried- 
lander group into 4 types, 
called A, B, C, and X, by 
using anti-S serum in the ag- 
glutination and precipitation 
tests. 

In his comparison of the 
strains of Klebsiella genitalium 
with Klebsiella pneumoniae 
and other similar encapsulated 
bacteria, Edwards recognized 
only two antigenic types, I and 
II, by precipitin reactions. The 
strains of Klebsiella genitaU 
ium were placed in type I. 

Klebsiella pneumoniae is 
considered to he one of the 
causes of pneumonia in. man. 

The isolation of an organism, mdistmguishable from it antigeni- 
cally, has been reported by Barnes from cases of bovine mastitis. 

THE GENUS PROTEUS 

The bacteria in the genus Proteus are Gram-negative, pleomor- 
phic rods (Fig. 20.4) which are actively motile by means of peri- 
trichous flagella. They ferment dextrose and sucrose, forming both 
acid and gas, but do not ferment lactose. They liquefy gelatin and 
do not give a positive reaction to the Voges-Proskauer test. On 
moist media the motile types produce typical ameboid colonies 
which rapidly spread across the surface of the plate (Fig. 20.5 ) ; 
nonmotile forms produce dense, noaspreading colonies. 

Strains of one of the species, Proteus vulgaris^ have been 
extensively investigated because of their diagnostic importance in 
typhus fever of man. Weil and Felix, in 1917, demonstrated that 
certain strains, which they designated X2 and X19, were aggluti- 
nated by the sera of typhus fever patients. In the course 
of this investigation, Weil and Felix introduced the term H 



FIG. 20.3 — Klebsiella pneumoniae in 
mouse blood showing thick copsules, 
X 2,000. (From Nowak: Documenta 
Microbiologica, courtesy Gustav Fi- 
scher.) 
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(Hauch = film) for the motile forms and the term O (ohne 
Hauch = without film) for the nonmotile forms of the organism 
Immune sera of rabbits prepared by injecting H and O cultures 
revealed that two types of agglutinin developed The O agglutimn 
caused the agglutmation of O organisms, formmg fine clumps, and 
the H agglutmm agglutinated H organisms, forming coarse clumps 
The O immune serum con- 
tained only O agglutinins, but 
the H scrum contained both H 
and O agglutinins Since then 
the terras O and H have been 
adopted as the designations of 
types of agglutination, that is, 
O pertains to fine clumps and 
H to coarse clumps 

Proteus vulgans is not 
significant as a pathogenic or- 
ganism It IS not the cause of 
typhus fever or any other of 
the Rickettsia diseases The 
real explanation of the positive 
agglutination tests with X2 
and X19 strains of the organ- 
ism IS not known The organ- 
ism has been, associated as a secondary mvader with other organisms 
in wound mfections and diseases of mucous membranes It has 
been isolated from cases of cysUUs and pyehtis m man following 
the obstruction of the urinary tract by calculi 

Proteus hydrophi/us 

Workers m experimental laboratories are often troubled, 
usually during autumn months with epidemics among frogs of a 
disease which is due to Proteus hydrophilus The disease produced 
by the organism is a typical sepUcemia, and the hemorrhages which 
occur m the skm have led to the use of the term “red leg” Frog® 
wtach are kept m warm, stagnant water are more susceptible to the 
infection, consequently, the best preventive for the disease m cold, 
Clean runnmg water 

m “robie rod, 0 6|i by 1 Sp 

neoa. ’ Tt ° ^ means of peritrichous flagella stains Gram- 

colonips greyish white, stippled, translucent, moist 

ira th k “ I'eav; turbidity m broth 

and a thick peUicle The organism fermentsllncose, maltose, su- 



mento Microbiolog ca courtety Gu>tov 
Fischer ) 
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crose, and mannitol, forming acid and gas, but does not ferment 
lactose; reduces nitrates; produces indol; liquefies gelatin; coagu- 
lates and peptonizes litmus milk. 

In addition to the frog, this organism is pathogenic for salaman- 
ders, fish, mice, guinea pigs, and rabbits, in which it produces a 
septicemia. Pure cultures of the organisms produce a tetanic con- 
dition in frogs. An alcohol-precipitated toxin produces effects 
similar to those caused by 
caffein, digitalis, and veratrin 
on muscles. Toxins soluble in 
alcohol produce paralysis. 

There are at least two 
definite serological types of P. 
hydrophilus. When used as 
bacterins, each type produces 
immunity in experimental ani- 
mals agamst both types; how- 
ever, passive immunization can 
be demonstrated only against 
the homologous type. 

Proteus ammoniae 

Synonyms and History. In 
1925 Hager and Magath de- 
scribed an organism which 
they found to be associated with 
incrusted cystitis in man. They called this organism Salmonella 
ammoniae. In a subsequent study in 1928 Magath gave a detailed 
description of the organism and suggested that it belonged to the 
genus Proteus, although some mmor characteristics did not con- 
form to a typical Proteus organism. In a study of 32 strains of 
the organism, isolated from various sources, Fulton and Harrison 
emphasized that the organism was sufficiently characteristic to be 
considered a member of the Proteus group. 

The relationship of P. ammoniae to animal infections has been 
emphasized during recent years by Packer by the isolation of the 
organism from a variety of animals. 

Distribution and Transnussion. The distribution of P. ammcmiae 
is not known. The presence of the organism in so many different 
animal species and different tissues indicates that it is rather ubi- 
quitous, and infections caused by it are sporadic due to predisposing 
factors. 

ttlorphology and SUiiniitg. Proteus ammoniae is a plump rod 
0.5)1 by 1,4)1 in size; is motile with peritrichous flagella; is non- 



FIG. 20.5 — Proteus vulgoris colony on 
agar plate showing thin, filmy growth 
around the mom colony, X 70. (From 
Nowaks Documento Microbiologica, 
courtesy Gustav Fischer.) 
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sporeformmg and noncapsulated. The organism is easily stained y 
the commonly used bacteriological stains and is Gram-negative. 

Growtli Requirements and Cliaraclcristics. Colonies formed by 
the organism on solid media are thin and transparent, typical of the 
veil-like growth characteristic of the genus Proteus. 

In fluid media P. ammoniac produces a marked turbidity due to 
abundant growth. 

Resistance. This organism is not resistant to the common disii> 
fectanls. It is not susceptible to penicillin, but its growth is inhibited 
by streptomycin. 

Bioclicmical Properties. P. ammontae produces acid and gas 
from glucose, galactose, glycerol, trehalose, and xylose. The ability 
of the organism to ferment sucrose has been of concern to numerous 
investigators. This led Hager and RIagath to question the inclusion 
of the organism in the genus Proteus. Fulton and Harrison have 
shown that the organism produces acid and gas in 5 per cent but not 
in 0.5 per cent sucrose. The rapid growth of actively proteolytic 
bacteria often causes such a marked alkalinity that acids produced 
from carbohydrates are neutralized. This has been proven true of 
Pseudomonas aeruginosa. Tlhe use of a protein-free medium in which 
the carbohydrate is placed reveals fermentation which has been 
considered negative. By using thb medium, the composition of which 
is given in Chapter 18, Packer has demonstrated that P. ammonUie 
produces acid and gas in 0.3 per cent sucrose and salicin iu 
10 days. The organism does not ferment lactose, mannite, maltose, 
dulcitol, arabinose, inositol, inulin, railinose, rhamnose, sorbitol, 
adonitol, dextrin, fructose, and soluble starch. It liquefies gelaUn, 
reduces and peptonizes litmus milk. The decomposiUon of urea is an 
outstanding characteristic of this organism. Colonies of the organism 
on S-S medium have black centers and the sulfurous odor charac- 
teristic of H 2 S production. 


Antigenic Structure and Toxins. Various species of this or- 
ganism have not been subjected to detaUed antigenic study. On the 
basis of limited agglutination tests the species is serologically hetero- 
genous. Specific toxins have not been described. 

Pathogenicity. Previous mention has been made of the relation- 
cysUtis in man. Fulton and Harri- 
mflit cu tures isolated from stool specimens and from a 

^ tom nine 

tafpetri ° ■>“2. ‘wo eases of urinary tract 

case of omphalophlebitis in the turkey; one 

theuie Mowing: prostaUlis in the dog, endocartitis in 

£ *e dl TT!" ■" Pn-^'-nonia in the dog, skin wound 

in the dog, and skrn wound in the cow. 
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Craige isolated Proteus organisms from 101 dogs showing a 
variety of symptoms including peritonitis and omphalitis in newborn 
puppies, acute bloody diarrhea, chronic dysentery, and nervous dis- 
orders. Autogenous bacterins used in 49 cases gave rather satis- 
factory results. 

"White mice usually are killed within 24 hours by intraperitoneal 
injections of P. ammoniae. Some strains are pathogenic for the 
guinea pig whereas others are not able to produce death. In their 
study of the organism Hager and Magath were able to produce the 
lesion of incrusted cystitis in guinea pigs and in rabbits when a 
primary inflammation was produced in the bladder mucosa by the 
injection of 0.5 to 1 cc. of a 0.1 per cent alcoholic solution of salicylic 
acid. 

Immunity. No information is available concerning the immuni- 
ty produced by the organism. 

Diagnosis. The close similarity of this organism with E. coli 
makes it imperative that urine cultures be subjected to close exam- 
ination. The usual presence of the swarming, ameboid colony of the 
organism is sufficient to identify it as a Proteus. Carbohydrate 
fermentation must be used for definite identification. 
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The Genus Salmonella 


Salmonellae are nonsporeforming, Gram-negative rods closely 
related morphologically and physiologically to the other genera 
of the family Enterohacteriaceae. They are usually motile, although 
nomnotile forms occur; produce acid and gas from glucose, maltose, 
mannitol, and sorbitol; do not ferment lactose, sucrose, or salicin; 
do not form indol, coagulate milk, or liquefy gelatin. They are 
parasitic upon man and animals and usually produce indammatory 
reactions in the intestinal tract 

The first organism representative of the group was isolated in 
1885 by Smith and Salmon from pi^ which had died of hog cholera. 
They believed the organism to be the cause of the disease; conse- 
quently, the name Bacillus cholerae suts was given to it. This 
organism was considered to be the cause of hog cholera until 2904 
when de Schweinitz and Dorset discovered that the real cause was 
a filtrable virus. Subsequently this organism has been found to be 
a secondary invader to the virus disease and to be one of the causes 
of infectious enteritis in the pig. The second organism of the group 
was isolated by Gartner in 1888 from a fatal case of gastroenteritis 
in a young man who had eaten raw meat taken from a diseased 
cow. The organism was named Bacillus enteritidis. The name Sal- 
monella was proposed for the genus by Lignieres in 1900 in honor of 
D. E. Salmon, the first Chief of the United States Bureau of Animal 
Industry. 

During the intervening years numerous species of bacteria 
fulfilling the description for this genus have been described. Four 
of the group, Salmonella paratyphi, Salmonella sckottmuelleri. 
Salmonella herschfeldit, and Salmonella typhosa are well known 
as species which are pathogenic for man. These species are not 
known to produce infection in animals, and their occasional isolation 
from animals is considered to be as a result of contamination. The 
rest of the species in the genus which are to be discussed are 
pathogenic for a wide variety of animals in which they produce 
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enteric infection The only exceptions are Sal. abortivocqumo and 
SaL abortusoms, which cause abortion in the equine and ovine 
species, respectively 

The selection of the most common species of Salmonella which 
infect animak from the large number of antigenic types has been 
difficult In 1946 Bruner and Edwards tabulated the occurrence of 
the 12 most common Salmonella The prevalence of various types 
of Salmonella m domestic animals has also been tabulated (Table 
21 1) by Bruner and Edwards This emphasizes the widespread 

TABLE 21.1 

Total Ovtertaks or SAmoscixosis am> Numcea or Salmovilla Tvpes 
E hcouKTCREs m AmuALs (Fowls am> ilAX Nor Included) 
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species in man indicates that most animal species should be con- 
sidered as a source of Salmonella infection for man 

Classification The classification of the Salmonella has under- 
gone significant changes durmg the tune such organisms have been 
recognized as significant agents of disease In common with other 
groups of bacteria carbohydrate fermentation has been recognized 
as a fundamental basis for classification The fermentation of the 
carbohydrates, xylose, arabinosc, mosilol, maltose, and trehalose as 
well as the production of hydrogen sulphide are used in differ- 
entiatmg the group selected for discussion (Table 21 3) 


TABLE 21^ 

DnTEEEOTiAL Metabquc CuABAcmusncs or Rctresemtative Salmosixla 


Species 
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AG 
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A _ acid G - gas - = negaUve + =s positive, V =5 variatle 


Accordmg to Table 21 3, the common species of the Salmonella 
associated with animal diseases can be differentiated One ex- 
ception must be noted, that is the reactions of Sal schottmuellen 
Sal tvphimunum The similarity m the reactions between 
these two species appears to mdicate that they should be placed 
m one species It must be emphasized, however, that physiological 
reacUons are only one set of criteria by which bacteria are classified 
h Ais mstance, these two species can be separated on the basis 
ar*. H antigemc structure (Table 21 4) Moreover, they 

^ respect to pathogemcity Sal schottmuellen is 
animal typinmurmm is associated with 

which carbohydrate fermentations and other tests 

haT employed m the laboratory for the differ 
for the Salmon ^ other specific tests have been designed 
cerofmeaTSt? f a fuchsm sulphite-gly- 

meat-extract medium m which ‘Stem positive” organisms 
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formed a deep lilac color due to the formation of an aldehyde by the 
fermentation of the carbohydrate. A second test, known as the 
Bitter test, specifies a medium containing 0.5 per cent rhamnose in 
milk; incubation is required for 15 hours and then methyl red is 
added to determine acid formation. The medium used in the test 
has been modified by the use of various salts, 0.5 per cent peptone, 
and a fermentable carbohydrate, such as rhamnose, xylose, and 
maltose. A third reaction depends on the ability of the organisms to 
ferment d-tartrate which is added to a nutrient medium. 


TABLE 21 4 

Antigenic Structure op Representative Salmonella 


Type 

Species 

Somatic 

O-Antigen 

Fiagellar 

I-Antigen 

Phase 1 

Phase 2 

A 

Sal pQral)phi 

1.2,12 

a 


B 

SaU sckoltmuelUn 

1,4,5,12 

b 

1,2 


SaU tjlifiifnurium 

1,4,5,12 


1,2 


Sal aoorlwoequina 

4,12 




Sal abortusovts 

4,12 

c 

1,6 


Sal. brtdtny 

1,4,12,27 

l,v 

1,7 

Cl 

Sal choleraejuts 

6,7 

c 

1,5 


Sal lyphisuu 

6,7 

c 

1,5 

D 

Sal. DPkosa 

9,l2,Vi 

d 



Sal. enleriUdts 

1,9,12 




Sal. dubUn 

1,9,12 




Sal gaUinarum 

1,9,12 




Sal puUoTum 

9,12 



Cl 

Sal anatum 

3,10 




Sal. meUagridis 

3,10 

e,h 

1,'w 

r. 

Sal, tubislaw 

U 

f 

e,n,x 

G. 

Sal. u.OTthtngton 

1,13,23 

l,w 

z 

H.. 

Sal, hoTsham 

1,6,14,25 

J,v 



Sal brazil 

16 




Sat. hull 

16 

b 

1,2 


Serological Clossilicatioti of tiic Salxn.on.cUa. The classification 
of bacteria by the use of serological reactions, such as agglutinin 
absorption, has been used for the Salmonella more than for any 
other group of bacteria. 

This was due to the initial contribution of White and of KaufT- 
mann. In the Uiuted States the typing of Salmonella cultures has 
been centered at the Agricultural Eixperiment Station, University 
of Kentucky, at Lexington under the guidance of P. R. Edwards 
and at the Beth Israel Hospiul in New York City under the 
supervision of F. Schiff. Inasmuch as Edwards studied, mainly, 
the Salmonella isolated from animals, his reports are of most 
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significance to veterinary bacteriology In 1949 Edwards moved 
to the laborator es of the Communicable Disease Center of the 
United States Public Health Service at Atlanta, Ga , where he 
continues his study of the Salmonella and related microorganisms. 

It IS not considered necessary to list the 151 antigemc types 
of Salmonella, given in Bergey’s Manual, but the antigenic formula 
of the important species will be given 

The serological classification is based upon the antigemc struc- 
ture of the various species of organisms The termmology used by 
Weil and Felix for the Proteus strains has been adopted for the Sal- 
monella, accordmgly, the antigens of the organisms are divided 
mto two groups, O antigen and H antigen 

The O antigen, or somatic antigen, is composed of the bacterial 
cell body and is prepared by heating the bacterial suspension for 
an hour at 80®-lQ0°C or by extraction with hot alcohoL These 
procedures remove the H flagellar antigens The various O anti- 
gens are designated by numerals, 2, 3, 4, etc , and upon the basis of 
close relationships the species of the Salmonella arc placed mto 
groups designated Types A, B, C, etc (see Table 21 4) A single 
species may have more than one O antigen, that is, it has a group 
antigen which may bo common to many of the members of its group 
The H antigen, or flagellar antigen, is composed of cell flagella 
an IS prepared by subjectmg the bacterial suspension to formalin 
which, supposedly, fixes the flagella over the surface of the bac- 
terium thereby covering the O anUgens of the cell body This anti- 
gen IS heat labile The H antigens of the Salmonella are diphastc, 
mat is, they are of more than one type The two phases are desig- 
nated specif phase and nonspectfk phase The specific phase is 
composed of only those antigemc components which are specific for 
e^ecies, or strain, of the orgamsm These antigens are designated 
„ ’ "i nonspecific phase is represented by the anU 

ZTf Sroup types These anti- 

the Salm The antigemc formulae of all 

are 't uf ^ which are to be discussed m this chapter 

types *" 3 e 1 4, along with other representative antigenic 

^ypmg the Salmonella must be 
bioloev The .4 strains of organisms m known stages of 
antiserum presupposes that the 

tion result m *^1033 ^ ^ dissocia- 

for comolete o ! 1 * certam components of the cell essential 

produce dissociat Since various environmental conditions 

O— Hr R 

or K, must be known m the recognition of species It is 
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needless to emphasize that the recognition of a number of strains 
of Salmonella requires the use of numerous antisera and scores of 
agglutinin-absorption tests. 

Salmonella paratyphi 

Synonyms and History. Bacterium paratyphi Type A, Bacillus 
paratyphosus Type A, Salmonella paratyphi A, 

This organism was first isolated by Gwyn in 1898 from a case 
which was clinically like typhoid fever, but the serum of the patient 
did not agglutinate the typhoid organism. In 1900, Schottmuller 
isolated two different organisms from cases similar to typhoid 
fever. He termed these organisms paratyphoid A and paratyphoid 
B; this terminology has become firmly established in medical litera- 
ture. Extensive study of various strains of these organisms has re- 
vealed that they are separate species; consequently, the A and B 
designations have been dropped, and the names Salmonella para- 
typhi for the type A, and Salmonella schottmuellen for the type B, 
are becoming established. 

Distribution and Transmission. SaL paratyphi is widely dis* 
tributed throughout the world. It is transmitted through the 
agencies of meat, milk, and water which have been contaminated 
with fecal matter from infected people. 

Morphology and Staining. The organism is a short, plump rod, 
0.6p by 3.0 to 4.0p in size; is motile with peritrichous flagella; is non- 
capsulated; is nonsporeforming; is stained readily by the common 
laboratory staining methods; and is Gram-negative. 

Growth Requirements and Characteristics. Sal. paratyphi is 
easily grown on laboratory media enriched with meat extracts. 
It is aerobic and facultatively anaerobic. It grows best at a pH of 7.2. 

On agar surface, colonies of the organism are greyish, homo- 
geneous, smooth, glistening, with an entire or slightly undulate edge. 

In broth the organism produces a light, uniform turbidity and 
forms a light, powdery sediment. 

The growth on potato is not abundant, being limited to a grey- 
Ish-whitc streak. 

Resistance. This organism, in common with all of the Gram- 
negative, nonsporeforming, rod-shaped bacteria, is easily killed by 
G0°C. in 20 minutes and is quickly destroyed by the common chemi- 
cal disinfectants. All such organisms, however, survive in fecal 
material where they arc protected from the action of sunlight and 
desiccation. Tlicy survive freezing and, consequently, live through 
winter periods, 

Biocliciulcal Properties. Sal. paratyphi produces acid and gas 
from glucose, fructose, galactose, mannose, arabinosc, maltose, 
trch.alosc, dextrin, glycerol, mannitol, dulcilol, isodulcitol. and sor- 
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bitol docs not ferment lactose, sucrose, rafTmose, xylose, sahcin, 
mulm, adomtol, or inositol, reduces nitrates to nitrites, does not 
produce mdol, docs not form H.S, acidifies litmus milk slighU>, is 
negative to the Bitter test, is Stem negative; docs not ferment 
d tartrate, does not liquefy gclatm 

Antigenic Structure and Toxins. Tlie antigenic structure of the 
organism is given in Table 21 4 No exotoxins are produced 

Patliogcnicity. The organism is patliogcmc for man, producing 
paratyphoid fev er It is not of sigmGcancc in the lower animals, al- 
though the laolation of the organism from the pig has been reported 
This orgamsm is typical of all of the species of Salmonella which 
are pathogenic to mice, guinea pigs, and rabbits when suitable 
doses are inoculated intravenously and intrapcntoncally Varia- 
bility in pathogenicity of the didercnt species is observed when 
cultures are given orally or are injected subcutaneously 

Immunity Recovery from the disease produces an immunity 
This organism is commonly incorporated with Salmonella schott- 
muellen and Salmonella typhosa, forming the triple vaccine usually 
employed m routine immunization Antibodies arc produced during 
an infection 

Diagnosis. The organism is identified by culture reactions The 
agglutination test is valuable as a diagnostic method 

Safmonel/o schotlmuel/eri 


Synonyms and History. Bacillus paratyphi alcaltgcnes, Boc- 
tenum paratyphi Type B, BoctUus scholtmuellcn. Salmonella para- 
typhi B, Bacterium schottmuellen 


This organism was described first by Schottmuller m 1900 m 
relationship to an intestmal mfccUon m man 

u t and Transmission. The organism is widely distn- 

buted and cases of the disease produced by it are more numerous 
produced by Sal paratyphi Infections often occur as 
^**0™ the contammation of food and water with 
XT rustenal from an mfccted case or an immune carrier 
orp o ogy and Stainmg This organism is typical of the group 
^sistancc Salmonella schottmuellen is typical of the group 
from t organism produces acid and gas 

“'"‘■moso, xylose, 

dulcTtol and^’ Elycerol, mannitol, duleitol, sorbitol, iso 

nitrate’s does „ Produces HjS, does not reduce 
uicreased alkalmity ™Utous’ gelatin, produces M 

Bitter test and “lik, is variable in its reaction to the 
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Antigenic Structiire and Toxins. (See Table 21.4.) Exotoxins 
are not produced. 

Pathogenicity. Salmonella schottmuelleri causes paratyphoid 
fever in man similar to that produced by Salmonella paratyphi. Its 
role in acute gastroenteritis of the food-poisoning type is controver- 
sial; although it is not a frequent cause of this type of disease, it has 
been isolated from typical cases. It is not considered a natural 
pathogen of animals, but strains of the organism have been isolated 
from enteritis in chickens and other birds and from bovine milk. 
The close relationship between this organism and Sal. typhiinurium 
emphasizes the need of careful identification of it when it is sus- 
pected as the cause of animal infections. 

Immunity. Recovery from an infection produced by the or- 
ganism results in immunity. This organism is also incorporated into 
the triple vaccine used for enteric fevers. Agglutinating antibodies 
are produced by an infection. 

Diagnosis. The organism is identified by cultural methods. The 
disease is diagnosed by the use of a specific antigen of the organism 
in the agglutination test. 

5a/mone//a fyp/iosa 

Synonyms and History. Bacillus typhosus, Bacillus typhi ah- 
dominalis, Bacterium typhi, Bherthella typhi, Salmonella typhosus, 
Bacterium typhosum, EbertheUa typhosa. 

Typhoid fever is one of the diseases which led to the belief that 
living agents were the cause of certain types of disease and that such 
agents could he transmitted fronx one person to another. Budd be- 
lieved this to be true of typhoid fever as early as 1856. The organism 
was first observed in infected human tissues by Eberth in 1880, but 
it was isolated and described by Gaffky in 1884. 

Distribution and Transmission. Salmonella typhosa is distrib- 
uted quite generally over the entire world, but is most prevalent 
in those countries and areas where little is done to prevent the 
contamination of water and food supplies. 

The organism is transmitted from an infected person to a sus- 
ceptible one by means of any medium whidi can be contaminated 
with fecal matter. At one time the infected case was the usual 
source of the infective material, but Uie resistant carrier has now 
become of greater significance. Petruschky reported in 1898 that 
typhoid organisms remain in urine of typhoid convalescents for 
months. Subsequently it was shown that the organisms are also 
present in feces and that 2 to 3 per cent of infected persons remain 
typhoid carriers for the rest of their lives. The story of Mary 
Malone, commonly known as “Typhoid Mary,” is one of the classical 
illustrations of the damage which may result from an immune 
carrier. 
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Tlie organism can bo transmitted to food by means of contami- 
nated water which comes m contact with the food directly or wi 
utensils whicli are used in handling food. The fingers of a carrier 
may transmit the organism to food or to utensils. Flics may carry 
the organism from fecal matter to food or to utensils. Althou^ 
water is the most common vehicle in tlie transmission o c 
organism, milk is one of the 







FIG 21 1 — Salmon«lla typhoto from 
24 hour agor culture, X 2.000 (From 
Nowak Oocumenia Mierebielogico, 
courteiy Gustav Fischer ) 


important foods which can be 
contaminated A number o 
milk-bornc epidemics of ty- 
phoid fever occur m the 
United States each year. Prac- 
tically all of them arc caused 
by the consumption of raw 
milk which has been contami- 
nated by immune earners or 
by contaminated water used m 
washing milk utensils. Whether 
the typhoid bacillus may in- 
vade the bovmo mammary 
gland, become established there 
and produce infection has been 
a question m the minds of 
many. Scott and Mmett, 
contributed to the solution of the problem by their unsuccessful 
attempt to produce mfection m the cow with Sal typhoso. It is 
obvious that a great many of the methods which are used m milk 
samtation should be directed toward the prevention of the spread 
of this organism 

Alorphology and Staining. Salmonella typJiosa is a plump, short 
rod, 0 5 to 0 8n m diameter by 1 to 3p in length (Fig 21 1). Some 
mdividual cells and some cultures are long and threadhke. It is 
actively motile by means of pentrichous flagella It is noncapsulated 
and nonsporeformmg 

The organism is stamed readily by the usual staming methods 
and is Gram-negative 

Growth Requirements and Characteristics. This organism is 
aerobic and facultatively anaerobic, grows well on meat infusion 
media at a pH of 7 2, and grows best at 37 5°C 

On the agar surface the organism forms small, greyish, trans- 
parent colonies which become opaque as the culture ages 

In broth, the typhoid organism produces a uniform turbidity, 
rarely a pelhcle 

The growth on potato is thin and glistemng and is limited to a 
narrow streak 
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Kesistance. The organism is easily destroyed by ordmary sur- 
face disinfectants such as chlorine 200 p p m Heating at 143°F for 
30 minutes or 160°F for 15 seconds kills the organism, consequently, 
the temperatures used in milk pasteurization are important safe- 
guards to health 

Biochemical Properties. Salmonella typhosa produces acid but 
not gas from glucose, levulose, galactose, xylose, maltose, raffinose, 
dextrin, glycerol, manmtol, and sorbitol, does not ferment lactose, 
sucrose, mulm, rhamnose, mositol, salicin, or usually arabinose or 
dulcitol It produces HnS, reduces nitrates to nitrites, does not form 
mdol, does not hquefy gelatin, produces a slight mitial acidity m 
htmus irulk and an increased alkalimty as the culture ages 

Antigenic Structure ami Toxins The organism is closly re- 
lated antigemcally with other salmonellae, and on the basis of 
antigemc structure is placed in Group D with Sal enteritidis, Sal 
puUoruw, and Sal gallinarum An antigen, Vi, which is related to 
virulence has been described for the organism The typhoid bacillus 
does not produce a true toxin, however, a heat-resistant substance, 
presumably endotoxin, is liberated by the organism This substance 
IS thought to be the cause of the marked toxicity in persons suffer- 
mg with typhoid fever 

Pathogemcity. Salvionella typhosa is primarily pathogenic only 
to man The oiganism produces symptoms m seven to fourteen 
days following infection In the early stages of the disease the 
organism is present m the blood stream, and the destruction of 
mtestmal tissue, which is so characteristic of the disease, is consid- 
ered due to the excretion of bacterial products or the localization 
of bacteria subsequent to the bacteremia 

Septicemia may be produced m guinea pigs and rabbits by the 
mtravenous injection of large doses of the orgamsm which is found 
in the gall bladder of some of the surviving animals 

A disease typical of typhoid fever m man can be produced m 
chimpanzees by feeding cultures of the organism 

Immunity. Persons who recover from an attack of typhoid 
fever are immune to the general effects of the organism, however,, 
the persistence of the organism in the gall bladder of some mdivid- 
uals belies a total immunity AnUbody is formed by the infection, 
thereby producing a certain degree of humoral immunity 

Typhoid fever vaccines are widely used in prophylactic treat- 
ment especially in the army and navy While it is difficult to 
evaluate such treatment exactly, it is believed by most authorities 
that llie mcidence of cases is reduced Vaccines which have been 
prepared m such a manner as to preserve the heat-labile Vi factor 
arc considered to be of greater value than tho«;e which have not 
been so treated 



3^2 Veierinary Bacloriohgy and Virology 


/iw. 


Safmoneffa lyp/iimurium 

Synonyms and History. Bocilluj typhi murium, Boctcrium 
aertrycke, Salmonella pcstis caviac. Salmonella psittacosis. 

In 1892, Loefllcr isolated from a natural outbreak of a tjrphoid- 
like disease in mice an organism which he called Bacillus typhi 
munum. This animal has been the only one with which the name 
has been associated until recent years. Biochemical and sero- 
logical reactions reveal that it is identical with many other hereto- 
fore recognized species of Salmonella; consequently, on the basis 
of priority, it has been chosen 
as the species name which em- 
braces many others. 

Sal. aertrycke ofdcNobelo, 
2898, is one of the species of 
the genus which had become 
well established in animal bac- 
teriology, but it now becomes 
a synonym of Sal. typhimurium. 
This constitutes an important 
change which the student roust 
remember in the study of past 
literature. 

Sol.'pestis cflvioe, which 
was isolated from an intestinal 
infection in guinea pigs by 
Wherry in 1908, is now a syn- 
, onym of Sal. typhimurium. 

considered isolated from parrots by Nocard in 1893 and 

ffltraUe virus L tL“e'tri '’*• ‘*"= revelalion of a 

typhimurium. placed under Sal. 

tribuM*^ge“grrplScfuy is widely dis- 

and birds; in fact it om, ^ “’""E numerous species of annuals 
Table 21 2 1 Tt « j rs m all warm-blooded vertebrates. (See 
mation; consequenllv^U paratyphoid, intestinal inflam- 
water contaminated bv T ’’1' •**= “edium of food and 

to harbor iS orgliZ Normal animals are known 

many of the other salmn 11 organism, in common with 

the mature bird to the embryT’ ‘krough the ovary of 

Hinshaw and “ California, 

yielded cultures of Salm u ^ ^ cent) snakes 

were isolated, 

SaL panama. The biolat- ueioporf, Sal. rubislaio, and 

eted significant since iid^r cultures from snakes is consid- 

smee mfeclmn m turkey poults yielded the same 



fmm os'L”®"'?”"”"" 'JPki'nadora 
nIwow" n ’'““O' 'f'cm 
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types of Salmonella in many instances. It is apparent that such 
reptiles may serve as reservoirs of infection. 

Morphology and Staining. This bacterium is typical of the 
group. See Figures 21.2 and 21.3. 

Resistance. It is typical of the group. ^ 

Growtli Requirements and Characteristics. It is typical of the 
group. 

Biochemical Properties. Salmonella typhimurium produces 
acid and gas from glucose, fructose, galactose, arabinose, maltose, 
xylose, dextrin, mannitol, sor- 
bitol, trehalose, and inositol; 
does not ferment lactose, su- 
crose, raffinose, inulin, salicin, 
or adonitol. It produces HaS; 
does not form indol; reduces 
nitrates; produces an increas- 
ingly alkaline reaction in litmus 
milk; does not liquefy gelatin. 

Strains of the organism vary in 
reaction to the Bitter test, the 
Stern test, and in the fermenta- 
tion of d-tartrate. Edwards has 
shown that the Bitter test, em- 
ploying maltose and xylose as 
the fermentable carbohydrate, 
can be used for the epizootic 
relationships of strains of Sal. typhimunum. 

Antigenic Structure. The antigenic structure of the organism 
is given in Table 21.4. Edwards has found that the pigeon strains 
have somatic antigen 4 and are classified as 4 variants, but they do 
not possess antigen 5 with regularity. 

Although old-culture filtrates produce symptoms similar to 
anaphylactic shock in experimental animals, the organism does not 
produce specific exotoxins. 

Pathogenicity. Salmonella typhimuriu7n is the cause of acute 
and fatal intestinal infections of mice, rats, guinea pigs, sheep, 
calves, horses, chickens, turkeys, parrots, and pigeons. The symp- 
toms of the disease are characterized by increased temperature, 
severe diarrhea, and marked weakness. Upon post-mortem exam- 
ination the intestinal mucous membrane shows marked hyperemia, 
and in acute cases, hemorrhage. Schofield (1946) recorded an out- 
break of fatal enteritis in cattle due to this organism. 

Lukas and Bradford have emphasized the importance of the 
organism as a cause of paratyphoid in turkeys by finding that 32.7 
per cent of Salmonella cultures were of this species and that it was 



FIG. 21.3 — Solmonella typhimurium 
colony on ogor piote, X 45. (From No* 
wok: Documenta Microbioiogica, pour* 
tesy Gosfov Fischer.) 
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responsible for 46 5 per cent of the uncomplicated paratyphoid out- 
bieaks 


Chinchillas (Chinchilla laniger) have been found susceptible to 
Sol typhimunum, and m instances of herd infection show a high 
mortahty Chrome, acute, and peracute cases are observed in a herd 
of mixed ages and sexes 

The prevalence of ScI typhimunum m so many animal 
species (Table 212) forecasts the occurrence of outbreaks in man- 
It must be emphasized that this organism was responsible, durmg 
the period 1934—47, for more outbreaks in the human family than 
any other Salmonella species 

Immunity. Artificial immunity has been practiced for mice 
which have been used for experimentation purposes for Sal typhi- 
munum. The majority of reports reveal that sohd immunity is not 
obtainable without meurrmg high death losses durmg treatment 

Infections produced by the organism are so sporadic m nature 
that widespread immunization of susceptible birds and docks is not 
practical Strains of the organism are commonly mcorporated in 
mixed bacterms which are used for intestinal infections m the 
various domesticated anirriqi < ^ 

Cobum, Armstrong, and Psyche observed that it is advantage- 
ous to immunize chinchillas with an autogenous bactenn, and it is 
e^ecially desirable to urununize the dam and sire early in the period 
0 pregnancy, for it enhances the production of livms litters and the 
sur\ival of the young 


Diagnosb. The extensive distribution of Sal typhimunum 
among animals necessitates the use of specific antisera for correct 
1 entification, although the organism is identified m a general way 
by biochemical reactions Agglutinins are formed durmg the prog- 
ress of the natural disease and may be used for diagnosis 


Sofmonef/a aborfivoequina 


History. Bacillus abortiuus equinus, BsciIIn^ 
abort^ equi Boctenuin abon«m-eq«,. Salmonella abortii-equ. 
mareT « Gram-negative rod from 

S fining a 

France and A g^np m aborting mares and m cows m 

^ “ Kentucky, described an 

in 1913 he nr '"■ith equme abortion, subsequently, 

and 

a descr.pt.on o£ the duease Itterature summary and 

ana ot the organism. 

apparenUy, mT” the Umted was introduced. 

States in 1886, and first made its appear- 
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ance m states of the Mississippi Valley from which it has spread to 
numeious other states Abortion in mares, caused by this orgamsm, 
IS not considered to be prevalent, although sporadic cases do appear 
Unfortunately, many of the cases are not studied bacteriologically, 
consequently, the exact distribution of the organism is not known 
The organism is thought by some to be transmitted by an in- 
fected stalhon, however, the short incubation period of the disease 
and experimental infection of pregnant maxes by feeding cultures 
of the organism, have emphasized the fact that the organism is 
obtained by the ingestion of infected feed, such as grass, from con- 
taminated pastures 

Morphology and Staining. It is typical of the group 
Growth Requuemcnts and Characteristics. The orgamsm is 
aerobic and facultatively anaerobic and grows abundantly on com- 
mon laboratory media 

Colomes of the organism on an agar plate are small, round, 
slightly elevated, glistening colomes which become finely granular 
m structure as they age Older colonies are dry and membranous, 
and entire colonies can be pushed along the surface of the agar or 
lifted from it with the inoculatmg needle These colomes are irre- 
gular and appear like rosettes with a wrinlded surface 

On the agar slant, growth is dull and parchment-hke, develop- 
ing thin wrmkles close to the water in the bottom of the tube as well 
as a thm pellicle on the water itself 

In broth a umform turbidity develops in 24 hours Cultures 
which have dissociated to the R develop a heavy pellicle which 
smks en masse to the bottom of the tube Smooth strains do not 
form a pellicle 

Resistance. The organism does not differ from other members 
of the group m resistance to surface disinfectants The need of an 
antiseptic douche for infected mares led Good and Smith to test 
various chemicals which may be used for that purpose They found 
that a one-tenth per cent solution of potassium permanganate kills 
the organism in 1 mmute, 1 per cent carbolic acid m 1 minute, 1 1,000 
methylene blue in 5 minutes, and a saturated solution of boric acid 
m 3 hours 

Biochemical Properties. Salmonella ahortivoequtna produces 
acid and gas from xylose, raffinose, arabinose, dulcitol, glucose, 
mannitol, maltose, dextrin, and trehalose, does not ferment lactose, 
adomtol, and inositol, varies in the fermentation of sorbitol and 
rhamnose It does not liquefy gelatin, docs not produce indol, vanes 
m tlie production of H^S, vanes in reaction to the Bitter rhamnose 
test, is negative to Stem glycerol, vanes m the fermentation of 
d-laTlralc, produces an increased alkalinity m litmus milk 
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Antigenic Structure and Toxins. The organism belongs to Group 
B on the basis of somatic antigen H antigen is shared with other 
strains of Salmonella not related to equine abortion 

It does not produce an exotoxin, but a comparatively potent 
endotoxin is released by the organism Large doses of killed sus- 
pensions of the organism in 3 ected subcutaneously into horses pro- 
duce symptoms characterized by inappetence, chills, fever, and 
stiffness 

Pathogenicity. SalnioneHa abortivoequina causes abortion m 
mares and jennets following natural infection Parenteral mjection 
of the organism produces abortion m guinea pigs, rabbits sows, 
ewes, mares, and jennets The recovery of the organism from 
aborted bovine fetuses has been reported It is not pathogenic for 
man 


Immunity. In 1916, Good and Smith demonstrated that preg- 
nant mares were protected from the infection by the injection of a 
num of doses of bacterin Since that time, bacterins have been 
«porte Sive highly satisfactory results m preventing abortion 
^e^er (1921) reported that bacterms injected durmg the fourth and 
mm months of pregnancy were used widely m United States 
Army Remount Depots with highly satisfactory results 
ic 1 Infectious abortion m mares is diagnosed by the 

and^vaoinri organism from the aborted fetus 

of valny^nlf?*^ ® agglutination test is also 

of value m detecting infected mares 


Safmonef/a aborfusovis 

which had Ehrlich isolated an organism from ewes 

obortus ouw In Baciffus paratyphi 

was the cause of abort, Glover discovered the organism 

not be Sutf " 

group in similar to the other members of the 

ana L fr^^gWre '’“aelenstios It proauces acid 

not ferment lactose s’ucros^*'4r‘’“"“°*' nnd sorbitol, does 

able m fermentme arabmn ’ “nositol, or rhamnose, is vari- 

"'““l “u f "" btoM m.ir'’ 

identical The ^nrman strains to be antigenically 

of Group B App“eX , “tigen with other members 

not been reported fmrv, A. Pathogenic only for sheep, for it has 
other animals or from man 
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Salmonella choleraesuis 

Synonyms and History. Bacillus cholerac sms. Bacterium 
cliolerae suis. Bacillus sutpesUfer, Salmonella choleraesuis, Sal- 
monella sutpestifer 

This organism was first isolated and described in 1885 by Sal- 
mon and Smith, and was named Bacillus cholerae suts It was con- 
sidered to be the cause of hog cholera until the real cause, a filtrable 
virus, was discovered in hog cholera, and it was found to be one of 
the infectmg agents in mfec- 
tious enteritis m Iowa pigs by 
Murray, Biester, Purwin, and 
McNutt m 1927 and 1928 

Distribution and Transmis- 
sion The organism is widely 
distributed throughout the 
world where large numbers of 
pigs are raised It is transmit- 
ted by the ingestion of feed 
and water contaminated by 
feces from infected animals 
The repetition of the infection 
on certam farms year after 
year indicates that the organ- 
ism lives through the winter 
season in fecal material or is 
present m animals which have 
become immune carriers 

Morphology and Staimng It is typical of the group See Figures 
21 4 and 21 5 

Uesistancc. The orgamsm is typical of the group 

Growth Rcqmrements and Characteristics It is typical of the 
group 

Biochemical Properties Sal choleraesuis produces acid and 
gas from glucose, fructose, galactose, mannose, xylose, maltose, 
glycerol, mannitol, dulcitol, isodulcitol, sorbitol, and dextrin, does 
not ferment arabinose, inositol, lactose, sucrose, salicin, inului, 
raffinose, and trehalose It reduces nitrates, does not form indol, 
does not hquefy gelatin, produces a sUght initial acidity in milk 
followed by alkalmity and clearmg of the medium, ferments d-tar- 
trate It is negative to the Bitter rhamnosc test and to the Stern test 
Sal choleraesuis does not produce HjS, however, it must be em- 
phasiz.ed that Sal choleraesuis var fcunsendorf does produce H^S 
and the two species may be identiBcd on that basis 



FIG 21 4 — Salmonella choleraesuis 
smear from agar culture, X 2,000 
(From Nowak Documenfa Microbiolo 
gico, courtesy Gustav Fischer ) 
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Aiitigcnic Structure and Toxins. See Table 21.4. The antigens 
of this organism are similar to Sal. paratyphosum C, and organism 
producing a certain type of entenc fever in man. It is also closely 
related in antigenic structure to Sal. cholcracstiis var. kunzendorf 


which lacks a type specific H antigen. 

Patliogcnicity. Sal. choleracsuis is the cause of acute infectious 
enteritis found in pigs of all ages throughout the United States. 


Freshly isolated cultures of the 


\ 



organism reproduce the typical 
disease when they are fed or in- 
jected parcnterally. The organ- 
bm has also been recovered 
from cattle, dogs, and fowb and 
occurs more frequently than 
any other Salmonella in foxes. 

Mice are more susceptible 
than any of the other labora- 
tory animals; they die of a 
septicemia within a few days 
after inoculation. Guinea pigs 


arc susceptible when cultures 
are fed or injected. The rabbit 
, '• b especially susceptible to thb 

FIG. 21.5 — Salmonella cheleraeeuU Organism, succumbing to very 
colony on agar plate, x 30. (From « » . • ii.. 

Nowokj Doeumenta MierobJolMico Biven parentcrally. 

courtesy Gustov Fischer.) The organbm has been re- 

. . covered from cases of food 

poisonmg m man. The Kunzendorf variety has been isolated most 
trequently from such cases. Henderson bolated the organbm from 
a urm^ tract infection in a fanner 49 years of age. 

Three cases of pneumonia in man caused by Sal. choleracsuis 
XTtW *n 19M- These authors sug- 

®88>>““aUon test with Sal. choler- 
Lm. pneumonia in man. 

this oreani animab which recover from an attack of 

be immune. It was the first organism to 

bv Salmon a hacterin for immunizing purposes 

untU the dis ” ''““‘'""-•hmnpy was used for hog cholera 

of Uctrlt “ antiserum. The funcUon 

to 4: ma?si“ 

“ r:::' a 

isolaUon^d ide'^Mtbf of ***“'' “ delected by *e 

termination of the antigenic stru^'®""”' 
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Salmonella fyphisuis 

Salmonella typhisuts was isolated by Glasser in 1909 from 
young pigs with a typhoid-like infection known as ferkeltyphus 
This orgamsm has been reported from Germany, but as far as is 
known it is not present in the Umted States It has been considered 
a strain of Salmonella choleraesuts since the two are antigenically 
ahke It varies from Sal choleraesuts, however, smce it produces 
acid and gas from arabinose and trehalose but does not form hydro- 
gen sulphide The organism forms a more delicate growth on solid 
media and produces gas more slowly in fermentable media than 
Sal choleraesuts 

It is padiogenic only for young pigs and has not been involved 
in human infection 

Salmonella enfenfidls 

Synonyms and History. BactUtis ententidis, Bactenum enter- 
lUdts This organism was first isolated by Gartner, in 1888, from a 
fatal case of meat poisonmg in man and from beef that had produced 
the disease Smce then the orgamsm and its different varieties have 
been isolated from numerous animals and from man 

Antigenic classihcation and other special tests have revealed 
that there are a number of varieties of Salmonella enienttdts 

All of the strains are similar in morphology, colony character- 
istics, and resistance to the other members of the Salmonella group 
Biochemical Properties. Salmonella ententidts produces acid 
and gas from glucose, fructose, galactose, mannose, arabinose, 
xylose, maltose, trehalose, dextrin, glycerol, mannitol, dulcitol, and 
sorbitol, does not ferment lactose, sucrose, muhn, salicm, raffinose 
adonitoi, and inositol The organism does not form mdol, forms 
HoS, reduces nitrates to nitrites, does not liquefy gelatin 

Pathogenicity. Salmonella ententtdis produces enteritis in ro- 
dents and in man It has been isolated from cattle but is not of any 
consequence as the cause of disease m that animal in this country 
Salmonella ententidis var danysz was ongmally isolated from 
an epidemic of enteritis in field mice, but is now thought to be more 
pathogenic for rats 

Salvionella ententidis var esscn has been isolated from ducks* 
eggs and from ducks It also has been known to produce gastro- 
enteritis in. man 

Salniouella ententidis var dublin is considered one of the 
primary causes of calf diarrhea It has been found also m pigs and 
foals This strain is one of the important causes of food poisonmg m 
man 

Salmonella ententidis var rostock has been isolated from cattle 
but has not been known to produce disease m man 
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Higgens Christiansen and Schroeder report an infection m a 
flock of 900 turkeys caused by Sal cntcntidis Tire disease involved 
100 birds and was characterized by purulent exudate in the tendon 
sheaths of the hock joint 

The different varieties of Salmonella entcnttdis are able to 
produce a severe gastroenteritis in mice and guinea pigs The in 
flammatory reaction is produced by a potent endotoxin which is 
liberated by the organism The endotoxin is resistant to heat and 
IS not antigenic resembling the cnlcrotoxin of the staphylococci 
Immumty Infections which arc caused by Salmonella enter 
itidis and its different varieties arc so sporadic that little is known 
about the immunity which may result following the active disease 
It IS presumed that these infections in common with those which 
are produced by other salmonellac produce an immunity Calf 
enteritis produced by the organism seems to support this presump* 
tion for this animal is resistant to infection as it passes out of the 
age of calfhood 

Salmonella entcntidis is commonly incorporated m mixed bac 
terms which are used to immunize calves The antiserum which is 
used in the treatment of cases of calf enteritis should be polyvalent 
that IS It should include anUbodies against this organism along with 
those of other organisms which arc known to bo the cause of the 
disease 

Diagnose The presence of this organism is detected by 
isolating and identifying it by the use of biochemical reactions. 


SaJmone//a pulforum 

SynonyiM and History Boctonum puitnrum Bacdlus pullomm 
pulinrum was first .solaled from ch.cks suffering 
vere diarrhea and was described by Rettger m 1899 and 
tl^s J and Stnnebum m 1909 At 

and the on ^ ifi existed concemmg this organism 

“L now called Salmo 

show th H ff Smith and Ten Broeck m 1915 were the first to 
dttmmish organisms It is possible to 

hyS T* S-lhnnrum on the basis of caibo 

identical, and o 'a '“j*'''''' antigenic structure of the two is 

tnbuted ovr^the world'^^^n” °‘'S“asni is widely dis 
bers here chickens are present in large num 

susceptible Pullorum from an mfected chick to a 

mode of transmwsion ex°ite ^ '“.'“I'd 

axists m this disease Many of the infected 
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chicks which survive an infection remain carriers of the organism. 
The organism shows a definite affinity for the developing ovary of 
the pullet in which it localizes and produces a condition typified by 
shrunken, distorted, and undeveloped ova; however, many ova do 
develop into eggs. These eggs contain the organism, and when they 
are incubated and hatched, an infected chick results. This chick will 
then infect others; hence, the cycle of the infection is continued. 

SdL pullorum may be transmitted from an infected adult 
member of a flock to other adults. Gwatkin has shown that adult 
turkeys also may be infected by contact with infected adult chick- 
ens. Although turkeys do not maintain the infection as do adult hens 
during the period of infection, they lay eggs which contain the 
organism. 

The role of the infected rooster in the transmission of Sal. 
pullorum has been investigated by many. In general it is believed 
that this manner of transmission is not too frequent but may 
happen. The hazard is great enough to warrant the removal of 
infected males of all species of domestic fowl from the flock. 

Morphology and Staining. The organism is similar to the other 
Gram-negative rods in size and shape. It does not possess flagella 
which is an important characteristic in respect to antigenic struc- 
ture. The normal shape of the organism is short and plump, but Van 
Roekel has described variants which are extremely long and fila- 
mentous (Fig, 21,6). 

Growtli Requirements and Characterisfles. The organism is 
isolated in pure culture by opening the infected chick with aseptic 
precautions and streaking blood or liver and spleen pulp upon the 
surface of meat infusion agar. The organism is aerobic and faculta- 
tively anaerobic; grows best at and a pH of 7,2. 

The normal organism produces smooth, glistening, opalescent, 
entire colonies on nutrient agar (Fig. 21.7). Van Roekel has de- 
scribed variants which form rough, dry, and opaque colonies with 
markedly irregular edges (Fig. 21,8). Mucoid colonies also have 
been described. Variation is induced more easily by growing the 
organism on liver infusion agar. 

Resistance. It is typical of the group. 

Bioclicmical Properties. Sal. pullorum produces acid and gas 
from glucose, fructose, galactose, mannose, arabinose, xylose, 
mannitol, and isodulcitol; does not attack lactose, sucrose, dextrin, 
salicin, raffinose, sorbitol, adomtol, dulcitol, or inositol. The organism 
has been considered unable to ferment maltose. Hinshaw reports 
the finding of an occasional strain which produces acid from this 
carbohydrate. In a study of 300 strains of the organism, Hinshaw, 
Browne, and Taylor found 40 strains which did not ferment mal- 
tose, 27 anaerobic strains which did ferment maltose, cind 260 aerobic 
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strains which were able to produce acid in this carbohydrate They 
w ere able to isolate non maltose-fermenting strains as variants from 
stock cultures of maltose-fermenting strams It produces H2S, re- 
duces nitrates to nitrites, does not form mdol, does not liquefy gela- 
tin produces mitial slight acidity in milk with increasing alkahmty, 
IS negative to the Bitter rham- 
nose test, and the Stern glycer- 
ol test, does not ferment d- 
tartrate 

Antigenic Structure and 
To^ms. Sal pullcrum posseses 
only somatic antigen smee it is 
nonmotile The complete anti- 
genic formula of the organism 
is considered to be 9, 12 How- 
ever, antigenic variants 12i, 
12-, and 123 have been ob- 
served Strains of the organ- 
ic are classified as standard, 
variant, or intermediate types 
Williams has found that the 
three antigenic types may be 
.. difterentiated by a macro- 

w test The significance of 

testinc of ^ puUorum is emphasized m agglutination 

\anant form< f ontigen should contain both regular and 

ranant forms if the variant is known to exist in the territory to be 

in cluS *i™v ft, ^“*"“’"5*’“ P"floruin produces an acute disease 

tovttnfer^l'LtS r ^ 1 '-1 = 

and pasty m consistency ThiL material is white m color 

diarrhea but one of th t bacillary white 

lorum disease .rcons.de Jd'™ ‘^'"'''“1'°“^. Paratyphoid, or pul 
organism produces a chroni """f ° appropriate In mature hens the 
and misshapen ovary Acute JLoSm” aharactenzed by a shrunken 
chickens pucemia has been reported in mature 

In an outbreak of ^nJ n 

50 buds of a flock of 75 d,eTF7" canaries in which 

ganism from 13 of tlto u was able to isolate the or- 

TJug Q Dirds autopsied 

but as previously nited manner as chickens 

disease m the turkey hen ^ m ^ ^ chronic a 


Salmonella pullorum show 
® variani type, 

X 1 200 (Cogrte»y Von Roekel ) 
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Sal. pullorum has been isolated from other species of animals 
including the cow, pig, and fox. The importance of it as an agent 
of disease in mammals is not considered very great. It is significant 
to observe that no serious outbreaks of infection in man have been 
caused by this organism. 

Of special interest is the 
isolation of Sal. pullorum from 
a dog by Brown, Bruner, and 
Moran in 1948. The animal had 
been in poor condition and re- 
ceived a diet of raw eggs be- 
fore it was destroyed. Upon 
autopsy an intense icterus 
was found along with an en- 
larged liver and petechial 
hemorrhages in the lungs. The 
organism was isolated from 
many different tissues. 

Imxntmity. An absolute 
immunity to the organism does 
not appear to develop. A local 
tissue immunity, particularly 
in the intestinal tract, appears 
to develop in chicks which survive an infection. The localization of 
SalmoiiclUt pnlloTntm in the ovary makes it evident that a gen- 
eralized immune condition does not exist. Agglutinins are present 
in the blood stream of the hen which harbors the organism in 
the ovary. 

Diagnosis. The presence of the organism in the chick is de- 
termined by the isolation and identification of it. 

The agglutination test is used to diagnose the condition in 
mature hens. Two types of tests are commonly used, the macro- 
scope tube test and the macroscopic plate test, or rapid test. The 
rapid plate test can be done in the field, employing whole blood 
instead of the clear serum which is used in the laboratory. The 
dissociation or variation of the organism from the normal S to the 
abnormal R necessitates care in the selection of strains of the 
organism for the production of suitable bacterial suspensions for 
the agglutination test. It is also essential to include all antigenic 
types in the antigen. 

Rice has described an indirect complement-fixation test which 
has been found to be of value as a supplementary serologic method 
in experimental studies where the agglutination reaction may give 
indeterminate results. 



FIG. 21.7 — Salmonella pullorum, nor* 
mol $mooth S colony, X 125. (Courtesy 
Von Roekel.) 
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Salmonella analum 

In 1919, Rettger reported a disease whicli he observed m duck- 
lings from which he isolated an organism typical of the Salmonella 
group Tlio following year Rettger and Scoville desenbed the 
organism m detail and named it Bacterium anatis 
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ella iDecame the customary method of identification Reference to 
Table 21 2 emphasizes that the organism has been recovered from 13 
different animal species mcludmg the turkey, chicken, pigeon, duck, 
game birds, canary, sheep, pig, dog, fox, rat, reptiles, and man The 
presence of Sal anatum in dogs is emphasized by the report of 
Galton, McElrath, Stucker, and Hardy m 1950, in which 297 cul- 
tures of this organism were identified out of 937 of all salmonellae 
Likewise, the presence of the organism m swme was noted m 547 
of 1,476 total fecal isolations of salmonellae by Galton and associ- 
ates 

Sal anatum is similar to Sal pullorum m morphology, but cul- 
tures of the orgamsm on solid media are heavier than Sal pullorum 
The organism produces acid and gas from glucose, fructose, 
galactose, maltose, dextrm, arabinose, xylose, mannitol, dulcitol. 
trehalose, and rhamnose, does not ferment lactose, sucrose, muhn, 
raffinose, salicm, or inositol It is positive to the Bitter rhamnose 
test and the Stern glycerol test, ferments d-tartrate, produces an 
alkalme reaction m htmus milk, does not liquefy gelatm, reduces 
nitrates to nitiites, does not form indol 

The antigenic structure of Sal anatum is sufficiently different 
from the other species in the genus to place it m Group See Table 
214 

Agglutmatmg antibody is produced in breedmg ducks which 
are infected with the organism, consequently, it is possible to detect 
such cases by the agglutination reaction 

Salmonella gallinarum 

Synonyms and History. This organism was first isolated in 
1889 by Klein in England from chickens suffering with a disease 
referred to fowl typhoid He named the organism Bacillus gal- 
hiiarum In 1895 Moore, in the Umted States, isolated an organism 
which he called Bacterium sanguworum from cases of “infectious 
leukemia” in fowls 

The isolation of a similar orgamsm, Salmonella pullorum, from 
chicks in 1900 by Rettger opened the way for extensive mvestiga- 
tion of the two organisms, and various conclusions have been 
reached by different individuals In Germany it has been con- 
cluded that the two organisms are identical or that Salmonella pul- 
lorum IS ]ust a variety of Salmonella gallinarum This opmion has 
not been accepted by alb The Salmonella subcommittee places the 
organism in the genus Salmonella because its O antigen is identical 
with Salmonella pullorum 

An orgamsm isolated by Hadley, Elkins, and Caldwell m 1918, 
and named Bacterium jeffersonii, has been found to be antigenically 
identical with Salmonella gallinarum, consequently "^now con- 
sidered to be a synonym of the organism under di< 
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^lorphology ind Sl'iinmg Salmonella gal/uiamni is a short, 
plump rod 0 4 to 0 6|i bj 0 8 to 1 6ji in sire It usually occurs singly, 
but short chains arc sometimes observed m blood smears It is non 
flagellated, nonsporefonning and noncapsulated 

The organism is stained with tlie common dyes and is Gram 
negative If blood smears are stained with methylene blue or dilute 
carbol fuchsin, the organism appears distinctly bipolar, not unlike 
the typical Pastcurclla at/tcida of fowl cholera 

Growth Requirements and Characteristics The organism is 
easily isolated from the blood and liver of typical cases of fowl 
typhoid It grows w ell on meat infusion media adjusted to a pH 7 2 
It IS aerobic, facultatively anaerobic, and grows best at 37®C 

On the agar plate the colony of Uie organism is small, blue 
grey, moist, circular, and entire 

The organism produces a uniform turbidity in broth and the 
formation of a granular sediment A thin, filmy pellicle is observed 
in some strains 


Resistance The organism is easily killed by any of the dis 
mfectanls Its thermal death pomt is CO^C m 10 minutes It is not 
resistant to desiccation but docs live for some lime m fecal material 
from infected chickens 

Biochonucal Properties. Salmonella flellinarnm produces ocid 
out no gas from glucose, fructose, galactose, mannose, xylose 
arabmoso, maltose, dextrin, mannitol, dulcitol, and isodulcitol does 
not ferment lactose, sucrose, glycerol, salicm, or sorbitol It reduces 
m ra es m t e presence of Difco peptone, does not liquefy gelatin 
does not form indol The organism docs not acidify or coagulate 
btmus milk Some strains produce hydrogen sulphide 

“'"1 Toxins Salmonella gallinanim pos 
nuTloLm ° “‘‘S'" 1. 9. end 12, „h.eh is similar to Salmonella 
Ltieen^ ■" Gfuup D of the SalmoneUa 

size^he nin reports are found which empha 

Salmonella Fm P“M" rum and 

resulted from 4 r most part these reports have 

of layme her. Problems related to the testmg of floclis 

The Cd L™" w"!' SaL pullorum 

an e&cuve endomxrhrhtrdTl"^” mLV 

mlcstmal°S'om SaUmarum is the cause of an acute 

disease typical of tta f ^ “uection of young chicks produces a 

mSUrahoTS ittvef 

other parenchymatous tissue is char 
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acterisUc of fov/1 typhoid, however, this disease diffeis from the 
leucosis which is caused by a filtrable virus Boney, 1947, reported 
the isolation of this organism from turkeys 

When fed or injected parenterally, the oiganism is capable of 
producing disease in rabbits and all poultry as well as in wild birds 
and canaries 

Inimuuity. Fowl typhoid bacterins have been used m flocks 
which are periodically affected with the disease, but are not con- 
sidered a substantial method of controlling the disease, further- 
more, Runnells and Thorp have demonstrated that the sera of such 
birds give a positive agglutmation test with Sal pullorwn antigen 
Diagnosis. Fowl typhoid is diagnosed by the isolation and 
identification of Salmonella galltnarum Smce Salmonella pullorum, 
Salmonella typhtmunum, Pasteurella avtcida, and other species of 
closely related organisms also may produce a disease m the fowls 
and birds similar to fowl typhoid, suitable culture media must be 
chosen for differentiation Hmshaw has found that a gelatm medium 
containing 0 15 per cent cysteme hydrochloride is valuable for 
identification Salmonella galltnarum produces a characteristic 
yellowish-white or grayish turbidity in this medium when incu- 
bated at 37°C for 72 hours, whereas Sal pullorwn does not produce 
turbidity 

The cross reaction of this organism with Sal pullorum limits 
the value of the agglutination test as a method of diagnosing fowl 
typhoid However, Moore has shown that polyvalent Sal galltnarum 
sniigen is more sensitive than standard Sal pullorum antigen 
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The Genus Shigella 


There are a number of species of nonmotile, Gram negative 
rods which are placed m the genus Shigella One of them, Shtgella 
dysentenae, causes dysentery in man ShtjjeWa equinilis is asso- 
ciated with purulent nephritis, sepUcemia, and jomt infection m 
0 ew species have been isolated from chickens which have 

shown symptoms of a severe mleslmal infection. 

Shigef/a dysenfenae 


sVi History Bacillus dysentenae, BociIIas shtgae, 

feme bacillus Sonne baciUus, Bacterium dyseu 


‘’I'"''* composed of a number of varieUes 
Sitlv vot^b”'' '*'=^='‘'■^'■00 m common especially patho- 
than manv of tb ™ '^■'bohydrate formenlation much more 
separate sneoio. ^ u, ^ bacteria which are placed m 

of the Broun The first and most typical organism 

was isolated byllT™ “ 1833 A second Wc 

tune he consideredTm S 1 Pl-l-PP-cs m 1900. although at that 
Kruse demonstrated tb»i tb*^"! ccEamsm discovered by Shiga 
In 1902 Martini and^Lcnte A “ serologically distinct 

strauis were easily 

In 1904 Duval d Suishable by fermentation reactions 
of typical dysentery 'S tvne j'="Pcntuig organism m cases 

and IS commonly designatrf tb Ihc dysentery bacilh 

first described by Schmil, . ‘lT>e A fourth organism 

dysentery m a Rums. ^ cause of an epidemic 

dysentery grouo TKi«! pnson camp is included m the 

bacillus but has b^en ^ known as the Schmitz dysentery 

It produces mdol ancT^^^ species name Shigella ambigna 

dysentery organisms ally independent of the other 

distribution and TVa 

wdely distributed dysentery organisms are 

shout the world and are frequently asso- 

[ 370 ] 
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dated with epidemic disease where a large number of persons 
congregate together and live under insanitary conditions. 

The organism is commonly transmitted by water and food 
which have been contaminated by human excreta. Hand contami- 
nation of food and coolting utensils is not as common as in typhoid 
fever. Flies are considered to be a more significant transmitting 
factor in dysentery than in typhoid. The immune carrier is known 
to exist in dysentery but is not as great a factor as in typhoid. 

Morphology and Staining. Shigella dysenteriae is a short, 
plump rod, 0.4 to 0.6^i by 1.0 to 3.0p. It occurs singly. It is nonmotile. 

The organism is Gram-negative. 

Growth Kequiremcuts and Characteristics. This group of or- 
ganisms is typical of the other Gram-negative rods of the genera 
Salmonella and Eberthella. Smooth S to rough R colony dissoci- 
ation is frequently observed among the Shigella organisms. 

Biochemical Properties. The strains or types of dysentery 
bacilli differ in respect to many of the biochemical reactions. 

The Shiga type produces acid from glucose but does not 
ferment mannitol, lactose, rhamnose, salicin, or xylose; does not 
produce indol; produces an alkaline reaction in milk. 

The Flexner type is not homogenous in respect to biochemical 
reactions. None of the strains ferments mannitol. Three subgroups 
are recognized by the use of maltose and sucrose: (a) The Hiss- 
Russell, or Y organism, does not ferment maltose or sucrose; (b) 
the Strong stram ferments sucrose hut not maltose; (c) the Flexner 
strain ferments maltose but not sucrose consistently. 

The Sonne type is the only one of the group which produces 
acid in lactose and causes the coagulation of milk. It agrees with the 
Flexner type in fermenting mannitol. It forms acid in arabinose, 
salicin, rhamnose, and raffinose and varies in the fermentation of 
maltose and sucrose. Subtypes have been formed by the fermen- 
tation of xylose and maltose. 

The Schmitz type, or Shigella amhigua, is the only one of the 
dysentery bacilli to produce indol. It agrees with the Shiga variety 
in that it is unable to ferment many of the carbohydrates but differs 
from that organism inasmuch as it produces acid in rhamnose. 

Antigenic Structure and Toxins. The different strains of dysen- 
tery bacilli appear to be antigenically homogenous for each type 
with the exception of the Flexner type which is composed of a 
number of heterogenous strains. The group lacks the flagellar 
specific antigen which is so significant in the Salmonella group; 
consequently, comparatively little is known concerning the anti- 
genic structure of the group. 

The Shiga type is characterized by the soluble exotoxin which 
it produces. This toxin is fatal to the rabbit, producing diarrhea 
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and paralysis of the limbs; but is less active in guinea pigs, produc- 
ing diarrhea with no paralysis. The other types do not produce true 
toxin although the endotoxins of all are fatal to rabbits when given 
in large doses intravenously. 

Pathogenicity. The dysentery bacilli are pathogenic to man 
and resemble the typhoid bacillus in this respect. They produce a 
type of intestinal infection in man which is distinguished from 
typhoid fever by a shorter incubation period, two to three days, by 
a more persistent diarrhea, by a lower temperature, and by the 
locahzation of the infection in the colon instead of in the small 
mtestme. condiUon is prone to become chronic, producing a 
persistent diarrhea over a period of several weeks. The Shiga var- 
lety produces the most severe type of case and is more fatal than 


cultures of dysentery bacilli are injected intravenously 
lesions in^t^ rabbits and guinea pigs, they produce 

natural intestmes which are similar to those produced by the 
Z Tefdt ^ infection is not produced 

tio- of the organist' or 

lactic proc^durey^howev*'^'lt.'^'" proven to be of value in prophy- 
be efEecUve. Antiserum hL*^^ ““st of a polyvalent nature to 
the disease, and in th^e of r 

satisfactory. Shiga antiserum, the results have been 

dysentery bacillf'^'e” vario^ ^ dysentery patient agglutinates 
reactions. ^ ypos must be identified by culture 


5hige//a equirol/s 

SjTionyms and Historv 

18 by Theiler in South Afr? • was first observed 

rses. In a „ “* <=“'3 of purulent neuhritis 


louo Dy TheUer in Soutli was nrst obsen 

horses. In a report covering ft purulent nephritis c 

Africa called the >''“1 WOS-OP, Meyer in Sout 

referred to the orgiSian, as equi. Van Straate: 

railed the organism Bacterium in 1916-17. Magnussoi 

States it was first isolatri Cd ? T r’e* “ ^ 

»ase it produces ‘*> 1 = organum and the di 

Kentucky. I„ 193 , Edwards dum’iII!!’ *5' and Edwards o 

in which he advanced reasons for ®‘“dy of the organ 

“‘ng the name Shigella equi 



Distribution and Transmission. The reports of the organise 
from various parts of the world indicate that it is widely distribute^ 
In the United States it has been reported from Kentucky, New Yor] 
and Indiana. Britton has observed this organism as the cause < 
the death of foals in California. 

The methods by which foals are infected with the organism ar 
not kno\vn. Dimock, Edwards, and Bullard reported the average ag 
at death as 2.9 days; the appearance of the disease so soon afte 
birth indicates that infection occurs in utero. The organism ha 
been isolated from verminous aneurysms in old horses, and it ha 
been claimed that the organism is carried by the larvae of intestinz 
nematode parasites. 

Morphology and Staining. Shigella equirulis is a small, non 
motile rod, 0.3 to 0.4^1, by 0.4 to 0.8{i m size. It is notably pleomorphic 
and single cells, streptococcus-like chains, and long filaments occu 
in the same smear. The organism is considered noncapsule-pro 
ducing, although some investigators report the presence of capsula 
material. 

Young cultures of the organism are stained easily by th< 
usual stains and are Gram-negative. 

Gro^vth Requirements and Characteristics. The organism is ai 
aerobe and facultative anaerobe, and grows readily in media con 
taining fresh meat infusion. 

When the organism is isolated from infected tissue and growr 
on the surface of agar media, it forms a characteristically rough 
dry, irregular mucoid colony. Well-isolated colonies frequentb 
attain 3 to 5 mm. in size. The colonies are raised, are sometimes 
hemispherical, and are opaque. The surface is definitely lobulated 
which makes the colony appear radially striated in transmitted light. 
As the culture ages, a clear, smooth border develops from the edge 
of the colony. 

Many of the cultures dissociate from the normal rough t 3 qje 
to a smooth nonmucoid colony. Edwards found that incubation 
above 37°C. combined with an acid reaction in the medium tends to 
accelerate the change from rough to smooth. Dwarf colonies are 
also found in cultures of Shigella equirulis. 

In broth, the growth of the rough form of the organism is first 
apparent as a collection of small masses of bacteria along the side 
of the tube and floating in the medium near the surface. A thin 
pellicle then develops, and the sides of the tube become covered 
with bacteria. A thick viscid sediment forms as the culture ages, 
and the medium becomes decidedly turbid. The smooth form of 
the organism produces a uniform turbidity in broth and does not 
form a pellicle or much sediment. 
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Resistance. The organism is readily destroyed by chemical dis- 
infectants and by 60°C in 15 minutes It does not remain viable on 
laboratory media unless it is subcultured every week 

Biochemical Properties ShtgeUa eqmrulis produces acid from 
glucose, fructose, xylose, lactose, galactose, maltose, sucrose, man- 
mtol, dextrm, raffinose, and glycerol, does not ferment rhamnose, 
dulcitol, isodulcitol, sorbitol, or mositol, vanes m fermentmg sabcm, 
mulm, starch, adomtol, and arabmose It does not produce mdol, 
reduces mtrates to mtntes, is negative to the Voges-Proskauer 
test, does not hquefy gelatin, acidifies, and some strains coagulate 
litmus milk, is negative to the methyl red test 

Antigenic Structure and Toxins The organism is composed of 
a number of heterogenous strains which give positive agglutination 
and precipitation reactions only with their homologous antisera 
Toxm production has not heen reported for the organism 
Pathogenicity. Shtgella equtrtibs has been isolated from equmes 
only In foals it produces arthritis which usually involves the back, 
hip, and knee joints, glomerulonephritis followed by suppuration 
and necrosis, and septicemia The condition is frequently called 
pyosepticemia and “jomt ill ” The organism produces the same 
^^ical lesions when it is injected subcutaneously mto a young foal 
Older colts and adult horses are more resistant although abscesses 
develop at the pomt of moculation 
t- exammation of 2,025 specimens, of which 1,150 Nvere 

aborted teuses and 875 were dead foals, Dimock, Edwards, and 
j ^ reported that Shig equirults was responsible for the 

death of a larger number of foaU than any other nucroorgamsm. 
mbhu coneeded that the orgamsm is not pathogenic for 

death wnlZ M hLT'^ enormous doses do produce 

opportunity for any very definite nn 
of It m accural *o value 

die isolation and ide'ntfctmn o1 

ShiSef/o pfaffii 

canary biri 'eolation of an orgamsm from 

actemed by a ^verTlfel^ ^ infecUous disease char- 

spleen. In 1918, in the 3“d necrotic foci in the liver and 


organisms in birds. Hadlev wu typhoid 

characteristics of the Pfaff * i* Caldwell reported the 

the Pfaff culture which they obtamed from the 
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Krai collection. These investigators assigned the name Bacterium 
pjaffi to the organism. 

Shigella pfaffii, as it is now known, is a short, Gram-negative, 
nonmotile rod averaging 1.4(1 in length. It is stained readily by 
ordinary dyes, but peripheral or bipolar staining characteristics are 
not prominent. There are no colony characteristics formed by the 
organism by which it is distinguished from Salmonella gallinarunu 
The organism does not alter litmus milk, produce indol, form H^S 
or reduce nitrates. It produces acid but no gas from dextrose, 
levulose, xylose, arabinose, maltose, dextrin, mannite, and salicin; 
does not ferment sucrose, raffinose, lactose, inulin, adonitol, or dul- 
citol. Its distribution and pathogenicity for birds other than the 
canary are not known. It does not produce infection in the rabbit. 

No antigenic relationship exists with any known member of 
the paratyphoid-enteritidis group. 

Sfiigeffa reffger/ 

This organism was first isolated in Connecticut by Rettger in 
1909 from chickens which were infected with a disease resembling 
fowl cholera. This original culture was studied by Hadley, Elkins, 
and Caldwell in 1918 and designated Bacterium rettgerei. Shigella 
rettgeri is a short, Gram-negative, nonmotile rod, 0.5 to 0.8(i in 
length. It is stained readily with ordinary dyes, but the bipolar 
characteristics are not apparent. The growth of the organism on the 
surfaces of solid media is similar to other members of the group. 
It grows luxuriantly on potato. It changes litmus milk to an alkaline 
reaction in eight days but does not alter its consistency. The organ- 
ism produces acid but not gas foom dextrose, levulose, galactose, 
mannose, xylose, adonitol, mannite, and salicin; does not ferment 
arabinose, raffinose, sucrose, lactose, maltose, dextrin, inulin, dul- 
citol, and erythritol. It does not form indol or HoS, nor reduce 
nitrates. 

The organism does not exhibit an antigenic relationship with 
any other member of the paratyphoid-enteritidis group. Its distri- 
bution and pathogenicity for other fowls are not known. 
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The Genus Brucella 


The microorganisms of the genus Brucella are minute, coccoid 
rods which are Gram-negative. On initial culture, one of the 
group, Brucella abortus, requires an atmosphere containing an 
increased amount of carbon dioxide but when adjusted to aerobic 
conditions it grows readily. The organisms produce an increased 
alkalinity in milk but are almost inactive in the fermentation of 
carbohydrates, except for limited utilization of some of the simple 
sugars such as glucose. There are four species in the genus, 
Brucella melitensis, Brucella abortus, Brucella suis, and Brucella 
hronchiseptica. 

The position of Brucella melitensis, Brucella ahortxts, and 
Brucella suis in the genus Brucella has never been questioned to 
any extent, although at one time they were classified in the genus 
Alcaligenes. Brucella broncliiseptica is the only motile species and 
its classification in the genus has been seriously questioned by 
many. The only basis for placing this organism along with the 
other three species is the increased alkalinity it produces in protein 
media, especially milk. It was on this basis that the Brucella were 
once classified as Alcaligenes. In 1936 Topley and Wilson called 
the canine distemper organism Brucella hronchiseptica. In the 
1939 edition of Bergey’s Manual this classification was followed 
and repeated again in 1948. 

Inasmuch as the three closely related species of Brucella are 
usually discussed as a group and the disease which they produce 
is known as brucellosis, they will be discussed as a group. 

Brucel/a me//fensis 
Brucella abortus 
Brucella suis 

Synonyms and History. In 1887 Bruce described the first mem- 
ber of the genus Brucella from cases of Malta fever in the Island 

•The author is indebted to Dr- S. H- McNutt for the preparation of 
this chapter. 
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of Malta He later named it Micrococcus mchtensis In 1905 it was 
■f^^nThat goats were usually infected and that people contracted 
the disease mamly from infective goat imlk In 1897 Bang, m 
mark, discovered Br abortus m cases of abortion in cows and 
showed that it was the cause of the disease now known as Bang s 
disease, or brucellosis, an infectious abortion of cattle In 1914, 
Traum found Br suis m cases of abortion in swine It was not until 
the work of Evans m 1918 that the close relationship of Br mehten- 
SIS and Br abortus was established She found them to be closely 
related morphologically, physiologically, and serologically, but 
showed by agglutinin absorption tests that they could he distin- 
guished to a considerable extent 

It has been proved that even though agglutination tests and 
agglutination absorption tests are very useful, differentiation by this 
means alone often is impossible For example, it is difficult to classi- 
fy rough types by this means because they ehcit a different type of 
agglutuun than when they were smooth Smooth strains will not 
absorb the agglutinin produced by the rough type and rough strains 
will not absorb the agglutinin produced by the smooth Absorption 
furnishes valuable additional information where other tests prove 
inconclusive 


Meyer in 1920 suggested the name Brucella for the genus 
Evans concluded that the organisms were so much alike that they 
might produce similar disease conditions in different species of 
animals In general, this has been proven to be true The first 
recognized case of undulant fever caused by Bnxcella abortus m 
man is credited to Keefer in 1924 These findmgs stimulated re- 
search and resulted in the discovery of many cases, not only m 
this country, but m many parts of the world It was found that 
^ j species affect man In this country the early cases of 
undulant fever were found m the east and southwest Woodward 
recoded the first case m Iowa, this led to the extensive and 
TonM d ^ associates It has been generally 
eluded that BrmeUtensis is most pathogenic for man, Br abortus 

In theu- study of cases of 
TOduWt fever m Iowa, Boris and Jordan find that Br SUK produces 

- t^e h„^ trT‘“T ““ ■Th- goat is the natural 

Br suis Each ^ cattle for Br abortus, and swme for 

host tendmo readily among members of its natural 

species 

sidered foreign hosts thus’c^l mfccted and are con- 

are quite resistant Enid Br suts but 

Br l,s havTw rITT“V br-ceUosm due to 

In a study of the pathogenicity of 
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Br. suis for cattle Washko, Hutchings, and Donham found that the 
organism became established in the bovine udder following inocula- 
tion into the open teat orifice. Br. abortus is of no importance as a 
disease-producing agent in swine. Subcutaneous injection of Br. 
abortus into hogs produces a low agglutination titer for Brucella in 
such animals and it is possible that natural exposure occasionally 
might result in a like reaction, but no significant disease is produced 
and evidence that hogs act as spreaders of Br. abortus has not been 
obtained. Artificial exposure of hogs to Br. melitensis results in a 
disease much like that caused by Br. suis. An epidemiological study 
of Br. melitensis infection in man has led to the discovery of herds 
of Iowa hogs naturally infected with Br. melitensis. This study also 
indicates that infection with Br. melitensis may persist for long 
periods of time in herds of hogs and that the organism spreads from 
hog to hog. Damon and Scruggs have reported the isolation of 
this organism from hogs in Indiana. The isolation of Br. melitensis 
from human patients whose only known source of infection has 
been cow’s milk has indicated that the bovine may harbor that 
species of organism. As support of this probability, Damon and 
Fagan (194T) reported the isolation of Br. melitensis from a guinea 
pig which had been injected with milk from cows that had aborted. 

Distribution and Transmission. Brucella infections are world- 
wide. Infection b y Br. melitensis is lar gel y confined to those region s 
where goats are raised, e spe cially JSurope and r lorth Africa. Bru- 
:eiia s uis is confined to hog-raising regions. Cattle are raised ~m 
nosf^rts of the world, a nd Bang's cUse ase is nearly universal. In 
he United States,~Br.meIite?isi5''i3 confined largely to the southwest, 

md perhaps to the hog-growing areas; Br. suis is especially prevalent 

.vhere there are large hog populations, and Br. abortus is found 

among cattle everywhere. 'The incidence of infection, especially 
in cattle, is proportional to the amount of traffic; in certain parts of 
the southern states and range country, there has been little traffic 
in cattle, and the incidence of infection is low. This is also true of 
hogs. It is interesting to note that there are no reports of infection 
in sheep in this country although it is common in Europe. This in- 
dicates that sheep are resistant to American strains of Br. abortus 
and Br. suis and possibly more susceptible to Br. melitensis. 

^ Brucellosis is roost commonly contracted through ingestion of 
i nfective material. *rho organ isms can~pa55~tluroIl g!r~any~miJCc5Us 
membra ne. A few drops of a suspension of Br. aborlusplacccl' in 
the conjunctival sac of a cow quickly results in infection. The organ- 
isms a rc kno w n to pas s through t lie b roken skin, andTlTs^sS 
thmght-that-tliey-can pass ffifiAJfihrokiuuskin. Tovar has shown 
that ticks, bed bugs, and fleas can be infected with ainhrec species 
of Brucella. Only ticks arc able to infect by biting and they are 
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able to transmit the bacteria to the eggs and larvae The Brucella 
are obhgate parasites but can live for a considerable time outside 
the animal body For this reason infected animals are the mam 
source of danger m transmission Food and water contammated by 
diseased animals are always dangerous It is apparent that 




fe^ ”■ abortus, X 2 000 

irrorn Nowak 0o«gmenta Microb o 
log ca courtesy Guslav Fischer) 


direct or mdirect association of 
clean animals with infected 
animals, or the eatmg of m- 
fective materials, will lead to 
infection For man, the hand- 
ling of diseased animals and 
their products, eatmg of infec- 
tive meat, and drinkmg of m- 
fective milk are especially dan- 
gerous Laboratory workers 
who handle Brucella organ- 
isms often become infected 
Morphology and Staining 
Brucella abortus, Brucella suts, 
and Brucella meltt'eTisis are al- 
most identical m size and 


n , shape As has been mentionea 

Br melitensts was considered to be a micrococcus for many years 
^ secies are drslinclly coccoid in shape (Fig 23 1) They are 
h! n 5 ® f coccobaciUary organisms about 0 5p m diameter 
r- ^ They are nonmotile and do not form endo- 

'J™on=trated by a specud staming 
acid fa 1 ^ readily stained with the anilme dyes, are not 

acid fast and are Gram negative 

mosforfm'' “d CharaclensUcs Brucella grow on 

^6 6 t^eTh but thrive especially weU if the pH 

- dellv!d transplanted, imUal growth 

For relon ““y uf ‘ba-^kind 

mali^orZ™ ““‘’btt.on many of the usual ccntam 

TrTZesZfT^ T "uuty ccntanunators 

This IS also’ true wfen “,b™Pt laolaUon by gumea pig moculation. 
large of ma, "I" Pteaent in relaUvely 

other organisms is scMt Where contamination with 

or in liquid medium Sol A moculaUons are made on solid 

potato agar, ; p^feSf of ^ 

of such solid medium IS ant to “oubaUon the surface 

■t the cultures are placed m tight 

specific ''utriUona!*equ?eM^*^f ^totoeUa have rather 

4 emenis In a study of Br suis McCul 
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lough et al found that thiamine, niacin, cystine, histidine, tyrosine, 
phenylalanine, tryptophane, and magnesium salts were essential 
for growth, whereas glycine, lysine, arginine, methronine, glutamic 
acid, isoleucine, aspartic acid, serine, biotin, calcium pantothenate, 
manganese and iron salts were stimulating, and 1 per cent glucose 
essential, for maximum growth. 

Gerhardt and Wilson have also 
found that a nitrogen source 
such as asparagine, glutamic 
acid, or histidine was essential 
for maximum growth. 

The organisms are aerobic 
and facultatively anaerobic. In 
a semisolid agar medium, col- \ 
onies form at varying distances 
from^e surface (Fig. 23.2). 

All Brucella require car- 
bon dioxide for growth; al- 
though Br. suts and Br. meli- 
tensis need no more than is fig 23.2 - Brucella abortus deep col- 
naturally found in the air, it is oni** ogaf shoke culture, natural 

often desirable to place initial biologico, courtesy Gustav Fischer.) 
cultures of Brucella in con- 

'tainers that can be sealed and to which may be added 5-10 per 
cent COa. It is absolutely necessary to do this with initial cul- 
tures of Br. abortus or to increase the CO 2 tension by some other 
I method. It has been shown that Br. abortus obtained directly from 
I infected animals will not grow in the air. Bang first isolated th e 
, organism in deep solid medium. Later it was grown in sealed 
containers in which a part of the oxygen had been exhausted by the 
reaction of hydroxides on pyrogallic acid. Smith grew Br. abortus 
in test tubes sealed with sealing wax. Later, Huddleson used 10 per 
cent CO 2 in closed containers. The last method is most satisfactory. 
Visible colonies should develop in 72 hours on liver infusion agar, but 
are often delayed; consequently, it is best to allow negative cultures 
to incubate 15-20 days or even longer, especially if the CO 2 require- 
ments are not optimum. Borts found some cultures that required 
more than 30 days incubation for growth in initial isolations. 

On liver agar the colonies appear small and delicate, but in 
one or two days reach a diameter of 1-2 mm., and after continued 
incubation may be 8-9 mm. (Fig. 23.3). At first the colonies are 
semitransparent with a light bluish tinge by transmitted light, and 
in older colonies this coloring is retained about the margins. This 
character is in no way distinctive since it is a common characteristic 
with many of the enterobacteria; however, most of the tissues cul- 
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tured for Brucella are not contaminated with other organisms that 
have this characteristic Colomcs, especially old ones, are in the 
shape of a very low cone They are distmctly pomted m the centers 
with a smooth circular margin and a smooth, shining, gUstemng 
surface, thus it is easy to difTercntiatc them from other colonies 
which arc flat, have irregular 
^ margins and dry or granular 

j ^ surfaces Brucella colomes are 

^ ^ not opaque as are those of 



many organisms, but are trans- 
lucent and semitransparent 
Old colonies show a distmct, 
small, dark area in their cen- 
ters when viewed by trans- 
mitted light Pigmentation on 
liver agar is not marked 
Growth appears light brown 
or yellowish-brown Pigmenta- 


FIG 23 3>-8ruc«Ug abortus colonies 
on agar plate, X 25 (From Nowok 
Documento Mierobiologiea, courtesy 
Guitov Fischer) ' 


tion is most apparent on potato, 
here the colors are dull yel- 
lows, browns, or even border- 
mg on slate Color may vary 
with the same strain at difter- 


„ ... ent times 

■R„, IT “ have shown that all three species o£ 

BmceUa undergo colony dissociation and they have described the 
pattern for each species Assuming that the normal 

term'^iaiwsil “ smooth m- 

se^or smllf (Sec SI) , mucoid (M), 

and 05 A *""*““* (Sec SM), sector mucoid (SecM), rough (R), 

designatmrsubt^s^fR 

been desf-nViori r> ’ ®‘Shteen dissociation types have 

teen for 1'”^'“- ‘•'■rty-four for Br sms, a^ mne- 

brHuddlesore rr to Memom 6, 1952, 

sociation types detailed description of each of the dis- 

m diSreM°aw"thfttI‘"'° Huddleson to be of value 

for isolation on ^ 200,000 in liver agar 

of the Brucella but d .11 does not inhibit 

Gram posiUve organisms ^ prevent growth of many 

the same general characters a colomes on this medium have 
bluish-violet. liver agar hut are stained 
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Blood cultures are commonly employed for isolation in cases 
of undulant fever. For one satisfactory method, 60 cc. of blood are 
withdrawn from the patient during the height of the fever; 10 cc. 
of this are placed in a small flask containing 40-50 cc. of liver in- 
fusion broth or other suitable liquid medium, and the remainder of 
the blood is placed in a second flask containing the same amoimt 
of broth. Incubation is continued for about 14 days or longer if 
growth is not obtained before. If contamination is found, injections 
of the blood-broth culture are made into guinea pigs from time to 
time during the incubating period. 

Resistance. The three species exhibit no differences in their 
ability to resist adverse conditions. All are killed in the pasteuriza- 
tion of milk in 10-15 minutes. In salt solution and broth cultures 
they are killed more quickly and at a lower temperature. Dry heat 
at 70°C. for one hour does not kill. In agar cultures they may live a 
year or more; on the other hand, they may die in six to eight weeks. 
The determining factor seems to be the amount and concentration 
of end products in such cultures. Masses of organisms dried at 
55-60°C., stoppered, and kept in the ice box may live a year or 
more. They have been found to survive for about seventy days in 
soil and for about thirty-five days in water. They are readily killed 
by the common disinfectants. In this respect they are similar to 
most members of the colon-typhoid group. 

According to Elberg and Glassman, aerated broth cultures of 
Brucella suis, stabilized by the presence of dextrin and ascorbic 
acid, retain their original, viable cell count after storage for two 
months at 20 to 25°C. An aerated broth culture of Br. suis stabil- 
ized by the presence of dextrin and stored at 20 to 25°C. for 175 
days retained 25 per cent of its original viable cell count and 100 
per cent of its virulence. 

The Brucella are not sufficiently sensitive to penicillin to war- 
rant the use of that drug in treatment. Kraft has observed that 
virulent strains of Br. abortus are more resistant to the action of 
penicillin than is Strain 19 (see under Immunity, below). In fact, 
she believes that penicillin resistance can be used as a method of 
differentiating Strain 19 from other strains of Br. abortus. Strepto- 
mycin, Aurcomycin, chloramphenicol, and para-aminobcnzoic acid, 
however, do inliibit the growth of these organisms and these drugs 
have been found to be of value in treating cases of brucellosis in 
man. Tlie use of these drugs in animals has been limited to experi- 
mental procedures. 

Biochemical Broperlies. Tlic Brucella organisms do not produce 
indol; do not liquefy gelatin; arc Voges-Proskauer and methyl red 
negative; reduce nitrates to nitrites. Urease and catalase arc pro- 
duced. but Sanders and Warner have shown that Br. rncUtcusis 



384 Vetennor/ Bacterio/ogy and Virology 


varies according to geographic area m the number of strains which 
are urease and catalase positive Biochemical diflerences are 
found however, that help to divide the group Br suis always pro 
duces hydrogen sulphide m considerable quantities for as long as 
ten to fourteen days Br abortus usually produces H-S but ordi- 
narily not to the extent or for the length of time found for swme 
strains Bovme strains may produce no H S, httle H.S, or as much 
as do swme strams Br mehtcTisis produces httle or no H S The 
bacteriostatic action of dyes is shown in Table 23 1, prepared from 
results obtained by followmg the method of Meyer Huddleson, who 
first emploj ed the bacteriostatic action of dyes for the differentiation 
of Brucella uses a dilution of 1 100 000 of dyes He finds that basic 
fuchsin and thiomn give the most consistent results Br abortus 
grows only on the medium containmg the basic fushsin, Br suis on 
that contammg the thiomn and Br mchtensts on both Pyronm is 
often m an impure form and for that reason is unsatisfactory 1^ 
desirable dye is used growth of Br suts is inhibited in suitable 
dilutions whereas Br melttensts and Br abortus are not Br meU- 


teiMis neither grows as luxuriantly m thionm as does Br suts, nor 
m basic fuchsm as does Br abortus All strains utilize glucosei but 
the bovine strains are apt to use the least Other test substances 
such as alcohols and sugars may be attacked shghtly after pro 
longed incubation Chemical analysis by Huddleson shows that 
there are distmct differences m the composition of the three species 
Anhgemc Structure and Toxins All of the species of Brucella 
have major antigens m common but agglulmm absorption tests 
antigenic differences Dissociation or variation from 
00 0 rough affects the antigemc structure Exotoxms have not 

ler^p ®"^onstrated The bacteria are capable of produemg an al 
niSw infected individuals which may persist mdefi 

=> P'-'-'M extract of 
*e formatron of agglutmin 

allereic spn t t antibodies m rabbits but did produce marked 
anergic sensitivity m guinea pigs 

comi^'h^T"? b ““ common to the Brucella and Vibrio 

Wto have ber f <=“ '^“kers Human beings 

tmation reaction^rB^utet ^^e” ^ 

shown by Gonzatez” ''irulence has been 

tnelitensis and Br nh rf ^ mcrease virulence of Br 

miection of sir* or mTcf T 

virulent cultures produced m thf ’’“'‘cna The higUy 

sera of animals which had b«. "nmner were capsulated The 

produced agglutination for 

P ulated strains The agglutimns appear 
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to be different than those produced by smooth noncapsulated 
strains. The serum of patients suffering with Br. melitensis infec- 
tion agglutinated the capsulated strains. It was shown in 1950 by 
Olitzki and Oren that the virulence of Brucella abortus for mice 
can be enhanced by injecting 0.5 cc. of a 10 per cent suspension of 
mucin along with 0.5 cc. of a 4-fold concentration of a 48-hour 
culture. 

Pathogenicity. The Brucella produce infection which is most 
acute in laboratory animals, less so in man, and still less in cattle. 
In hogs the disease resembles that of both man and cattle in varying 
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from symptoms which are pronounced, general, and local to those 
which are difficult to detect. Brucellosis in sows can result in 
abortion as it can in cattle. The symptom of abortion has been 
greatly overemphasized, not only in hogs, but in cattle also. In Iowa 
it is roughly estimated that brucellosis accounts for approximately 
40 per cent of all abortions in sows. It has been proven that inocula- 
tion of pregnant sows may cause infection, but abortion does not 
always result; that is, abortion is not the disease but rather a symptom 
that is sometimes observed. This is also true for cattle but to a 
lesser degree. About 60 per cent of all abortions are caused by 
Bang’s disease in Iowa. In certain herds, free of Bang’s disease, it 
has been observed that about 3 per cent of all pregnant cows abort 
A report from Now York State sliows that 5 per cent of such animals 
in that region abort Consideration of these facts shows that total 
numbers of abortions are enormous, even where Bang’s disease is 
not a factor. Abortions are encountered in diseased goats; they are 
rare in marcs and in human beings. In cases of abortion, a placentitis 
is produced; with Bang’s disease, this is a serious matter, not only 
because it endangers the life of the fetus, but also because it results 
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in injury to the uterus that may affect future pregnancies Such 
inflammation results m a lowered tone of the uterus and renders 
it susceptible to secondary infections following abortion or parturi- 
tion After secondary mvaders arc once established, they often do 
more damage than Brucella. The retention of the placenta is also 
considered a symptom of Bang's disease, but retained membranes 
may be, and often are, as common m Bang’s disease free herds as 
they are m mfected herds The only diiTcrcncc lies m the ease with 
which the retained membranes may be removed In Bang’s disease 
such membranes are removed with difliculty, those retained from 
other causes are more easily removed Brucella abortus is not 
found m the nongravid uterus of cows and disappears from that 
organ soon after parturition or abortion Its most favored site is the 
udder, where it causes an mterslitial mastitis, it is also considered 
a predisposing factor to other infections of the udder The Brucella 
have a predilection for the male sex glands Manthei, DeTray, and 
oo e h^e demonstrated the organism m the semen of a naturally 
infected bull on 80 consecutive collections It is evident that bulls 
used for neural service or for artificial breeding should be free of 
ilr!!#? It easily isolated from the mtemal organs 

ar,A ^ fit® lymph nodes, spleen, hver, uterus, 

IS blood stream Isolation from cattle 

oreenant^ difficult when the organism is not present in the udder, 
Sso^i^pd nodes The BniceUa are often 

found m le<; tirsita and nontraumalic fistulae of horses, are 
irsometrr articulations of many animals and 

^^ometimes associated with pneumonia and enteritis of newborn 

Cfor B^^b^rtus 

\y^ each natural host mav^bo ^ mehtensis, but 

has been shown by HoeLiIT^for^ 

I pathogenic as Br t ’ example, that Br mehtensis is as 
atan and some laborator«°*^ swine With the possible exception of 
to the Brucella S; 2"^ are quite resistant 

and dog can be infectei'mo m “““ne, rat, sheep, horse, 

dog, although having mnrl, ^5“™“ P‘2 is easily infected while the 
toms and is thought to bo exposure, rarely shows symp- 

camne, due to brucellosis resistant Abortion m the 

workers have isolated tbo’ “’‘served and Morse and co- 
ns from sutvivmg puppies nborted feti as well 

fistula of the poll and withers m Ib “ usually associated with 

most susceptible to Br mclitensis ePPenrs to be 

nmounts of any of the Bnicoll '^‘te rats inoculated with small 
arc mjccted with mitial laroo 'fiereafter mirnune, but if they 
Chickens are eonsiderrf tot die in a day or so 

naturally resistant to Brucella, al 
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although experimental infections may be produced. For example, 
Felsenfeld and associates produced bacteriemia in chickens by in- 
tramuscular and intraperitoneal injection and by feeding live cul- 
tures. They considered Br. 'melitensis more pathogenic to chickens 
than the other two species. 

There is also an age resistance that can be easily demonstrated; 
in general, the usual infectious disease attacks the young more often 
and more severely than older animals. In brucellosis the order is 
reversed in man and cattle. Young calves can be infected but 
throw off the disease reacUly. The sexually mature cattle are as 
easily infected, if not more so, and the infection is more lasting. 
In calves there is more antagonism between the host and the parasite; 
therefore, soon after infective feed is eliminated, the calf rids itself 
of Brucella, unless, as is true in some rare instances, the infection 
becomes dormant, and the agglutination test becomes negative. 
Such rare dormant infections become active when the animal 
reaches sexual maturity. 

Some infected cattle remain diseased throughout their lives; 
others recover in a few months. Between these extremes all the 
other possibilities occur. It is generally believed that many recov- 
ered animals are highly resistant to subsequent reinfection; it is 
further believed that some animals that recover can be reinfected. 
Again, between these two extremes, many possibilities exist. It is 
thought that the character of the particular strain with which the 
animal is infected has much to do with the duration of disease and 
the amount of immunity acquired. 

The use of an avirulent strain of Br. abortus by Buck in 1930 
for the vaccination during calfhood indicated a superior method of 
immunization. This strain, known as Strain 19, was used on an 
extensive experimental scale by the Federal Bureau of Animal 
Industry and in 1940 permission was given for its use as an aid 
in controlling brucellosis in the various states. This strain of Br. 
abortus is quite stable, not varying in virulence or antigenicity. 
Cameron and Meyer have shown that the consecutive passage of 
it through 26 swine did not alter its characteristics. 

Strain 19 vaccine is a living culture which must be prepared 
according to procedures outlined by the Division of Virus-Serum 
Control of the B.A.I. The relative avirulcnce of this strain has 
been mentioned, but because it is a living culture, the inoculation 
of it into calves produces a positive agglutination reaction. This 
reaction is lost in the majority of vaccinates by the time they 
roach breeding maturity. Unfortunately, a small per cent do not 
become negative and this is one objection to its use. 

Calves are vaccinated with Strain 19 vaccine when 4 to 8 
montlis old with 5 ml. subcutaneously. It has been shown by 
Rabstein and Cotton that 0.2 ml of vaccine given intradermally 
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produces just as high an agglutuun titer as 5 ml given subcutan- 
eously and that the titer tends to disappear sooner McDiarmid 
in England found that the immumty produced m g uin ea pigs by 
0 04 ml of Stram 19 vaccme given mtradermally compared favor- 
ably with 1 mL given subcutaneously Campbell and Rodwell in 
Austraha mtroduced the mtracaudal (tip of the tail) method of 
vaccmation for brucellosis, givmg a 0 2 ml dose Neither the 
intradermal nor the mtracaudal method of vaccmation is practiced 
much m the United States Berman, Beach, and Irwm could find 
no significant difference m the immumty produced by vaccmatmg 
sexually mature cattle with 5 ml of Stram 19 subcutaneously or 
0 25 ml mtracaudally 


In 1946 Venvey and Scheidy found that desiccation of Brucella 
a Stram 19 vaccme by lyophihzation affords a satisfactory 

method of preservmg and mamtammg the culture m a viable state 
IS me od reduces the hazard of havmg a nonviable vaccme 
or m e field and allows a longer use date after its manufac 
ure Most of the vaccme used is prepared by this procedure 
worn Stubbs havc observed that guinea pigs 

four to ^ assist artificial exposure to virulent Br abortus 
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true of infection in man, but is difficult to determine because an 
initial infection may become dormant only to resume activity at a 
later date. When symptoms again develop in a supposedly recovered 
individual, the question arises as to whether or not a new infection 
is present. 

Anti-Brucella serum contains agglutinins and complement- 
binding antibodies. Immune serum, so far produced, has little or 
no influence on the course of the disease. 

Diagnosis. The organism is found in large numbers on stained 
smears made of uterine exudate which has been obtained from a 
cow that has recently aborted (Fig. 23.4) . The isolation of Brucella 
from the tissues or excretions 
of the animal body also estab- 
bshes a diagnosis; however, a 
diagnosis is usually made by 
serological methods that have 
proven reliable. A combination 
guinea pig inoculation and the 
agglutination test of its blood 
at a later date is also reliable. 

In this case it is not absolutely 
necessary to isolate the organ- 
ism. Many guinea pigs will re- 
cover from inoculations with 
Brucella, and it is obviously 
impossible to obtain cultures 
from them, but even these ani- 
mals, if bled at the proper time, 
will show agglutinins in their 
blood; hence, the agglutination test of the guinea pig’s blood should 
be employed in conjunction with an attempt to isolate the organism 
from the animal’s tissues. The blood of normal guinea pigs does not 
contain agglutinins for Brucella. Some laboratories allow the in- 
oculated guinea pigs to go thirty-six days before they are bled and 
examined. Others allow only twenty-four days. A period of ap- 
proximately twenty-four days has some advantages because it allows 
ample time for agglutinins to develop and for the infection to de- 
velop, and at the same time is sufficiently short to test many guinea 
pigs before they recover. Lesions which will heal in thirty-six days 
are often present at the end of the twenty-four-day period. 

Complemont-flxation is a reliable diagnostic test. It is believed 
that complemcnt-flxing antibody is formed in the blood of infected 
animals a short time before agglutinins appear; otherwise it holds 
no advantage over the agglutinin test; in fact, the latter has sup- 
planted it because it can be conducted more easily, more quickly, 



FIG. 23.4 — Brucella abortus, smear of 
uterine exudate, X 2,000. (From No* 
wak: Documento Microbiologico, cour- 
tesy Gustav Fischer.) 
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and with less chance of error on the part of the operator Selection 
of proper strains of the Brucella is one of the important factors m 
the agglutination test Rough or variant strains must be avoided 
The smooth type is disease producmg, stays m imiform suspension 
exceedmgly well, and m all ways is an ideal type for the test 
Different variants often show different characters, for instance, 
some are auto- or thermo-agglutmating, some are only shghtly so, 
others agglutmate m any serum, still others do not It appears that 
there are different types of variants, all of which should be avoided 


Br melitensis is most apt to become variant m culture media 
and for this reason is httle used Br suts strains are satisfactory, but 
they too are apt to become rough Br abortus strains are the best, 
and although some become rough, others have been kept for years 
on laboratory media without producmg variants Such strains are 
nearly fixed m type if kept on sohd medium All laboratories employ 
0 y strains that have not shown variants If it should become 
necessary to rid a stram of its variants, this can be done by gumea 
pig moculation In about 14 days after moculation the variants will 
^appear m the animal’s body, leaving only the smooth type This 
, ® ° some of the mucoid vanants mentioned above 

w^ch may persist in the body of the gumea pig for more than 50 
u aggluUnatmg types can be obtained from 

neces-saw examination of likely colomes It is 

the usual var several colomes because, with 

or no diffp common laboratory medium, there is httle 

vanants’and those of 

^^^^iployed°^Onp kmds of a gglutma tion. tests are 

*0 pie or " ‘O the tube test and the other 

about the samrflnai advantages, and both give 
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phenol. Thedensitvof tVi« Ption contammg 0 5 of 1 per cent 
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A >^eacU^‘''S°r50^rcoM.r“^°" ^ significance 

generally regarded as ^ suspicious, and one of 1 100 is 

when an animal has been calf^ “Section An exception is noted 
vaccinated with Stram 19 In this 
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case 1: 50 is considered negative, 1: 100 suspicious, and 1: 200 posi- 
tive. The organism can usually be isolated from cattle showing re- 
actions of 1: 500 or higher. In hogs it is easy to isolate Brucella from 
animals having reactions of 1: 50 and sometimes in animals with re- 
actions of 1: 25; however, the disease in hogs is one of shorter dura- 
tion than in cattle, and one may obtain cultures before the agglutina- 
tion titer has reached a high level. A reaction of 1: 50 in the hog 
should be considered significant although Kernkamp and Roepke 
have shown that herds of swine apparently free of brucellosis may 
have some individuals whose sera will give a titer of 1:25 to 1:50. 
The application of the agglutination test to swine should be con- 
sidered on a herd basis, and if any individuals in the herd show a 
titer of 1:100, the herd should be considered to be in an infected 
one. Tests on individual sows or boars from a herd are of little 
value in determining the brucellosis status of the herd. In man a 
reaction of 1: 80 or 1: 100 indicates infection present or past. Some 
people with titers of 1:300 show no symptoms, even though, in a 
few such cases, the organism can be isolated from their blood 
stream. It should be remembered that all lesions and symptoms 
of disease cannot be attributed to Brucella merely because the 
organism is present; for example, it is known that cows affected 
with Bang’s disease may abort from other causes. It is often dif- 
ficult to determine just which symptoms and lesions are due to 
Brucella infection and which are due to other causes, 
uss^he development of the ABR Test (Abortus Bang Rmg) or 
the Brucella abortus Ring Test by Fleischhauer of Germany, in 
1937, has provided another method of diagnosing brucellosis in 
cattle. This test consists of the use of an hemotoxylin-stained 
Brucella abortus antigen which is added to 2 ml. of whole milk. 
Upon standing, the stained bacterial cells will rise with the cream 
forming a purple layer if the animal is infected with brucellosis. 
In this positive reaction the bacteria have been agglutinated by 
the agglutinm in the milk serum forming clumps of bacteria large 
enough to be carried to the surface along with the fat globules. If 
the animal is not infected, the cream layer is white and the milk 
remains a light purple because the bacteria remam in suspension. 
This test can be applied to a composite sample of milk from the 
herd, thereby serving as an effective method of detecting herds 
of cattle in which one or more individual reactors exist. It is an 
effective screening test allowing control officials to concentrate on 
certain herds during the interim between annual or semiannual 
routine serological tests. Furthermore, if the test is applied to milk 
samples monthly, the newly infected herds can be detected. 

A combination of the ABR test and the plate test, whereby ring- 
test antigen and milk are placed on a glass plate, has been shown 
by Blake, Manthei, and Goode to be a satisfactory test. 
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Brucella bronchiscpfica 

Synonjuis and History. Although numerous types of organisms 
have been isolated from typical cases of canmo distemper, the first 
organism which compares favorably with the one under discussion 
was isolated by Galli-Vallerio in 1896 and described again in 1908 
He named his organism B cantculac, considered that it represented 
a position between the typhoid and hemorrhagic septicemia groups, 
and that it resembled B pestis in morphology. In 1901 Ligniercs 
considered an organism whicli he called PasIcurcUa canina as the 
cause of canine distemper His organism did not ferment carbo- 
hydrates but exhibited many other characteristics similar to the 
organism of Galli-Valleno 

The organism now recognized as Brucella bronchiscplica 
was isolated and described m the United Slates by Ferry in 1911 
and was called Bacillus broncliicams but was changed in 1912 to 
Bacillus broncKisepticus Quite independently, in 1911, M’Gowan 
m England described the same type of organism as Ferry, but he 
did not propose a name In 1912, Torrey and Ralie published an 
extensive study of canine distemper and of the organism, Bacillus 
hronchisepticus, which they considered to be the cause of the 
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has been relegated to the role of an important secondary invader to 
the virus along with other microorganisms. Due to the absence of 
any etiological relationship to the disease, the organism has not 
been subjected to present-day comparative study with other or- 
ganisms such as the Brucella. 

Distribution and Transmission. If pulmonary involvement in 
canine distemper is taken as an indication of the presence of 
Brucella hronchiseptica, the organism is widely distributed. It is 
transmitted by contact. 

Morphology and Staining. The organism is a short, slender rod, 
0.4 to 0.5(x in diameter by 1.5 to 2fi in length. It usually occurs 
singly, but pairs are found, and in fluid media chains may be ob- 
served. It is motile by means of peritrichous flagella, is nonspore- 
forming, and noncapsule-producing. 

The organism is stained by the usual dyes, but many cells show 
decided bipolar staining. It is Gram-negative. 

Growth Requirements and Characteristics. Brucella bronchi- 
septica grows best under aerobic conditions, at a temperature of 
37°C. and in a medium adjusted to a pH of 7.0 or 7.2. It requires a 
medium which is enriched with animal tissues or plasma. 

The organism grows slowly upon primary isolation from the 
lung of an infected dog. No visible growth is present on the agar 
surface after 24 hours of incubation, but at the end of 48 hours, tiny, 
circular, dewdrop-like colonies appear scattered over the plate. As 
the culture ages, the colonies increase in size up to 6 to 8 mm., be- 
coming flat, glistening, and opalescent by reflected light and trans- 
lucent with a smoky tinge by transmitted light. 

In broth, the organism produces a uniform turbidity with a 
finely granular sediment but no pellicle. Growth forms on the 
surface of the medium at the sides of the tube within 72 hours. The 
sediment in old cultures rises in a twisted cone when the tube is 
shaken. Old cultures of the organism liberate a stale odor similar 
to that of musty bread. 

The growth of this organism is very characteristic on potato. 
In 24 hours the culture is abundant, moist, raised, glistening, and 
yellowish-brown in color accompanied by a greenish or greyish 
darkening of the potato. Upon aging, the growth becomes darker 
brown, and the potato also becomes darker. 

Resistance, The organism is killed by 55°C. in 20 minutes, 
thereby showing less resistance to heat than other Gram-negative, 
nonsporeforming rods. It is not resistant to light, desiccation, or the 
common disinfectants, and is not destroyed by freezing. 

Bioclicmical Properties. An outstanding property of this or- 
ganism is its inability to ferment any of the carbohydrates. Another 
distinctive characteristic is its action on litmus milk. After 24 hours* 
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incubation a deep blue ring appears extending about one half inch 
from the surface of the medium In 72 hours the ring is a deeper 
blue, and the rest of the medium is a deeper blue than the control 
In five to ten days the entire medium is blue-black m color As the 
culture stands, the lower third of the medium bleaches to a faded- 
blue color The organism does not form mdol or hydrogen sulphide 
Torrey and Rahe divide the strains of the organism mto two groups 
on the basis of mtrate reduction. Strains m Group A do not reduce 
mtrates and those m Group B reduce mtrates to mtrites 

Anhgemc Structure and Toxins The organism is homogenous 
antigenically accordmg to the agglutmation test It shows some 
afBmty to Brucella abortus, but relatively httle is known about 
its antigemc fractions 


True toxins are not produced, but the organism produces hemo- 
lysin for dog, rabbit, and gumea pig erythrocytes 

Pathogenicity. The original work on this organism mdicated 
that it was the cause of canme distemper Experimental mocula- 
Uon of young dogs with the organism produced typical cases of 
distemper Although the primary cause of the disease is a filtrable 
virus, it is evident that Brucella bronchiseptico is an important 
secondary agent and that the fatahty of the mfecUon is largely attnb- 
uted to the pneumoma which it causes 

M Gowan reported findmg the organism m the ferret, monkey, 
goat, ^ea pig, rabbit, cat, and dog He also reported the isola- 
tion of the organic from the nasal exudate of an attendant who had 
been handling rabbits and gumea pigs 

recorded fte isolaUon of Brucella brouchr- 
S^do -T' exudate of p.ga ur Ontario, 

These anunals had exhibited unthrdtmess and chronic 

for the immune serum were commonly used 

It was acknowled°grf ferre™thartorV'^'^T“^ 
munumg agents were not satll^'' 

and for SrSon 

serum is produced are also distemper immime 

scptico and other ortmnt “^unized with Brucella bronchi' 
secondary mvaders which have been mcrimmated as 

t.on”lTe“SeS f ‘he nasal secre- 

but not necessarily by the evasion by this organism 

organism are produced dun,?t» i^temper Agglutinins for 
tmaUoa test is not used ac ^ typical infection, but the agglu- 
the mfecUon are so charar.** Suostic agent The symptoms of 
*^rcly needed. ^ laboratory confirmation is 
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The Genus Pasteurella 


Microorganisms belonging to the genus Pasteurella are usually 
coccoid, short, plump rods, however, elongated cells are sometimes 
observed They are generally capsulated, but noncapsulated 
orms have been reported The majority of the species are non- 
motile, and all are nonsporeforming They are Gram negative and 
stained more distmctly at either pole, giving nse to the term, 
ipo ar, which is frequently used to characterize the group The 
abiuty of these organisms to ferment carbohydrates is limited, 
aithough ac^is produced m a number of sugar media, gas xs never 
are parasiUc and frequendy patho 

genic for animals and man 

Pasteurella group are conveniently divided 
difciJe “ *a >>03.3 of host relationship and type of 

Iiemorrhagic septicemia group are 
Pasteurella hemolytica 

chromc^mT!^ second group cause acute, subacute to 

There art* ™ rodents and are transmissible to man 

ihere are two spec.es m the group 
PosteurcIIo pestw 
Pasteurciia tulurcnse 

focalized category causes a chrome 

u caseation necrosis m rodents It is 
Pcrleurellaprcudoluberculow 

In addition to the van-tW.. u a 

abo%e species can be distinguished^ types of disease, the 

given m Table 24 1 Suished on the basis of the characteristics 

dupto ‘he preparaUon o£ Uus 

•au m itj revision 
(39« I 



Pasfeufe//a 399 


Pasfeure//a mu/focida 

Synonyms and History. The organisms which produce a septi- 
cemia in the lower animals have been recognized as belonging to 
several genera, such as Escherichia, Salmonella, Shigella, Strepto- 
coccus, and Bacillus. The term hemorrhagic septicemia designates 
a particular type of septicemia which is characterized by hemor- 
rhage of the capillaries in the submucous and subserous membranes. 


TABLE 24.1 

Dhterential Characteristics op the Pasteurella 



Past. 

muttocida 

Past. 

hcmotytica 

Past 

pesUs 

Past. 

tulatensis 

past. 

pseudo- 

tuber- 

culo^s 

Motility 

j - : 

- 

- 

- 

+ 

Hemolysis 

- 

+ 

- 

- 

- 

Growth in bile 

- 

- ! 


- 

+ 

Indol formation 

+ 

- ' 


- 

- 

Litmus milk 

neutral 

acid 

neutral 

no growth 

alkaline 

Glucose 

+ 

+ 

+ 

+ 

+ 

Saccharose 

+ 

+ 

- ; 

- 

S: 

Lactose 

- 

+ 

- 

- 

- 

Raffinose 

_ 

+ 

- 

; - 

_ 

Rhamnose 

- 

~ 1 

+ 

1 - 

+ 


The name was first used by Hueppe in 1886 to describe the disease 
produced by the bipolar organisms. The name Pasteurellosis, first 
proposed by Lignieres in 1900, is finding its way back into the litera- 
ture, and is a more appropriate term. 

The isolation of different strains of Pasteurella multocida by 
different individuals from different hosts and at different times has 
introduced into the literature a number of names for the hemor- 
rhagic septicemia group. They are scattered throughout the various 
systematic classifications of bacteria, but most of them are given in 
Bergey’s Manual. 

The first significant report of an organism of this group was 
made by Bollinger in 1878 following an investigation of a fatal 
disease among wild animals and cattle. The fowl cholera organism 
was described by Rivolta in 1877, by Perrincito in 1879, and also by 
Toussaint in the same year. The most complete description of fowl 
cholera and the organism was made by Pasteur in 1880. In the 
United States, Salmon and Smith observed the organism in 1880. 
In 1880, Davaine, and in 1881, Gaffky, described the rabbit septi- 
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cemia organism Lroeffler and Sdiutz studied and descnbed the 
organism of swme septicemia m 1882 In 1885, Kitt made a com- 
parative study of the organisms producmg fowl cholera, rabbit 
septicerma, swine septicemia, and the septicemia of wild animals 
and cattle He concluded that they were similar m many respects 
and referred to them as Bacfenum bipolare multocidum In 1886, 
Hueppe noted the similarity of the diseases which were produced 
by these ovoid, bipolar organisms and suggested the name septi 
cemia hemorrhagica for the disease Poels descnbed the organism 
of calf pleuropneumonia in 1886 Oreste and Armanni reported the 
buffalo stram m 1887, Galtier the sheep stram m 1887, and Lignieres 
the equme strain m 1897 Much later, 1926, Meyer and Batchelder 
isolated a stram from rat septicemia 

In 1887, Trevisan used the name Posteurella for the bipolar 
organisms and listed three species, Pasteurella cholerae galltnarum, 
P^eurella davainei, and Pasteurella suilla In 1896 Flugge called 
toe VMious hemorrhagic septicemia organisms Bacillus bovtsepttca. 
Bacillus suxsepticus. etc These dassiiicaUons represent the early 
t!. f ^ tasis of the host affected, 

paii^ ® m detail, Lignieres listed the organisms 

causmg Pasteurellosis as follows 


Pasteurella auiatre producing natural infection 
Poateurella bourne, nmet , l _ 


Den*-. 11 I natural miection in aU the biros 

aJtn 1 hemorrhagic septicemia m wld 

animals and bovmes, barbone of buffalo, and pleuropneu 
monia of calves 

outne producmg hemorrhagic septicemia, pneumo- 

Paet!ul!n ' m sheep 

Pee cure Ik poreme, producmg swme plague 

toe contagious pleuropneumonia m 

Pasteurella caume. preufuemg aU forms of dmease m dogs 
hst of Ll 2 m 0 rp^^ ^uruer * 9 

organisms not beloneme obviously embraced 

nomenclature however ^ Pasteurella group His system of 

by most bactenoloeisk acceptable and has been adopted 

liecame established and genus Pasteurella 

nomenclature of Fluesp k ^ names were based upon the 

outseptica suisentir^ ’ aviseptica. -hovisepUca 

Durmg r^ent v ’ 'aP«ept.ca, and -munaeitma 

organism isolated from top studies of strams of the 

toe zoological classificaUon. support 

biochemically serologically and « ®re morphologically, 

sequence there has been a ♦ ^toologically similar As a con- 
\ariety of strains Lehmann name for the 

i-ehmann and Neumann adhered to this method 
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of classification throughout all of their early classifications and 
called the organism Bacillus hemorrhagicae septicemiae. In 1935 
Gay and his associates suggested the use of Pasteurella pluriseptica 
or septica, and in 1936 Topley and Wilson suggested the name 
Pasteurella septica and that the animal origin be indicated where 
necessary. As a result of comparative studies, Rosenbusch in 1937, 
and Rosenbusch and Merchant 
in 1938 used the name Pas- 
teurella viultocida for the 
typical hemorrhagic septicemia 
organisms because the first in- 
clusive name, Bacterium bi- 
polarc multocidum, was used 
by Kitt in 1885. 

Distribution and Transmis- 
sion. The organism is encount- 
ered throughout the world and 
is frequently the cause of great 
economic loss. Since typical 
organisms have been isolated 
from respiratory and digestive 
tracts of normal animals, the 
primary relationship of the or- 
ganism to the disease has been 
doubted frequently. These orgamsms may act as secondary invaders 
to other diseases or to debilitative predisposing factors. The occur- 
rence of epizootics and sporadic outbreaks, especially of fowl chol- 
era, may indicate that these organisms can acquire virulence while 
being harbored in the animal, since the nature of these organisms 
requires continual parasitism for existence. 

The organism is transmitted by contact and by the consumption 
of contaminated food and water. In some cases droplet infection 
is of significance. 

Morphology and Staining. Pasteurella multocida is a small 
coccoid rod 0.25 to 0.4p by 0.6 to 2.6 }a m size (Fig. 24.1). After 
repeated culture on agar, the organism tends to form longer rods 
and to become more pleomorphic, forming chains, filaments, and 
rods of various sizes. When grown in bouillon or carbohydrate 
media for prolonged periods, marked pleomorphicity is noted. The 
organism usually possesses a capsule when recently isolated, 
especially from the acute type of hemorrhagic septicemia. The bac- 
terial covering is carbohydrate m nature, varies in size, and can be 
demonstrated with an India ink preparation but not with the usual 
capsule stains. Virulent strains may lose their capsular material 
after continued subculture on artificial media. 


f - >• *2 


.n 


'•v-. ^ 






FIG. 24.1 — Pasteurella multoelda 
smear from ogar culture, X 2,000. 
(From Nowak: Documento Microbio* 
iogico, courtesy Gustav Fischer.) 
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When smears of blood or other tissue are stained with methyl- 
ene blue or carbol fuchsin, the organism is distinctly bipolar (Fig. 
24.2) . It is Gram-negative. 

Growth Requirements and Cliaractcristics. The organism is an 
aerobe and facultative anaerobe. Its optimum temperature for 
growth is 37°C. The pH growth range is from 6 to 8.5 with an opti- 



mum of 7.2 to 7.4. 

The use of digested protein 
media or proteose peptone 
stimulates the growth of the 
organism. The organism can 
be grown in beef infusion me- 
dia, but better growth is ob- 
tained when blood or blood se- 
rum is added to the media. 
Some strains fail to grow in 
media not containing blood se- 
rum. 

Webster and Hughes de- 
scribed three types of colonies 
on solid media: fluorescent, in- 
termediate, and blue. The fluo- 
rescent, or iridescent, colonies 


ooaaue ... nioderate in size, whitish, 

onies vary in The intermediate col- 

The blue cotonie^s attb^ '>'‘wen fluorescent and the blue forms. 

correspond in marly way^ to “ appearance, 

enraller, dewdrop-lfke (Fie 24 It"* 

Strains giving risp to ® relatively low virulence, 

from chronic infections, whfle a“uto“t 

giving rise to fluorescent colon J iu. yield strains 

recovered from carrier states a sframs of Post, multoctda 

of predominantly mucoid variants ' 7 ?“° 

and slimy in appearancp ® ”'^coid colonies are large 

rescent and blue variants virulence between the fluo- 

clouding. Some strait fo™ isolated produces a diffuse 

acteristic of the rough Precipitate which is char- 

fi!^ V ^ formed in broth old cultures a 

the bottom of the tube ’ ® sticky sediment collects in 

on ^ -luble in bUe. There is usually no growth 

Resistance The 

minutes or by -0,5 po;of:^,“,'-;>y destroyed by 60 = 0 . for 10 

not tor 15 mmutes. The organism re- 
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mains infective in manure for a month and in decomposing carcasses 
for three months. A 1: 5,000 solution of bichloride mercury and a 
3.5 per cent solution of cresol are effective in a few minutes. 

Past, multocida is notoriously difficult to keep alive upon arti- 
ficial media when kept like other stock cultures of bacteria, sealed 
and in a refrigerator. Cultures will remain viable for years, how- 
ever, if the culture tube is well- 
stoppered with a rubber stopper 
and kept at room temperatiire. 

Most cultures will lose their 
virulence on artificial media; 
however, it can usually be re- 
stored by animal passage. 

This organism is sensitive 
to all of the commonly used 
antibiotics. The sulfa com- 
poimds, especially sulfathiazole, 
sulfamethazine, and sulfamera- 
zine are effective against it in 
vivo. 

Biochemical Properties. 

Pasteurella. multocida ferments 
glucose, mannose, galactose, 
saccharose, and mannitol but 
does not ferment, lactose, maltose, raffinose, trehalose, rhamnose, 
inositol, adonltol, inuliu, salicici, dextrin, and stareVu Some strains 
produce a slight amount of acid in sorbitol, glycerol, and fructose. 
The organism produces indol, catalase, and NH3; reduces nitrates 
to nitrites; reduces methylene blue; does not produce methyl acetyl 
carbinol, and is negative to the methyl red test. It does not alter 
litmus milk or liquefy gelatin. It does not produce HoS. 

Antigeuie Structiuc and Toxins. Carter has shown that the 
organism possesses two major antigenic fractions: a somatic or 
group antigen, which is probably a glycolipid; and a soluble-specific 
immunogenic polysaccharide associated with the capsule. On the 
basis of this capsular substance, strains of Past, multocida have been 
divided into four principal serological groups: Types A, B, C, and 
D. A number of different techniques have been employed for the 
typing of Past, vmltocida, but the method which has given the most 
satisfactory results has been a hemagglutination test. In this test the 
capsular polysaccharide is adsorbed to erythrocytes. These treated 
cells are agglutinated in the presence of the specific immune serum. 

Much of the difficulty which has attended the typing of Past. 
niultocida has been due to the comple.x dissociation pattern of the 
organism. 



FIG. 24.3 — pQSteurella multocida col- 
ony on ogor plate, X 70. (From No- 
wak: Documenta Microbiologica, cour- 
tesy Gustav Fischer.) 
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The mucoid strains have not been typable because their capsules 
are composed of nonantigenic hyaluronic acid 

Type A strains predominate m outbreaks of fowl cholera Type 
B cultures have been most frequently recovered from cases of 
hemorrhagic septicemia m buffalo and cattle particularly in tropical 
and subtropical countries Type C is generally the most frequently 
isolated from dogs and cats Type D cultures do not appear to have 
a very definite host affinity Many of the non-typable mucoid strains 
have been found compheatmg vims pneumonia of swme 

Both serological and immunological methods have been em- 
p oyed for typmg Post multocida Rosenbusch and Merchant, and 
Little and Lyon have utilized the oggultmation test with limited 
success Roberts has divided his strains mto four prmcipal groups 
by means of mouse protection tests 

The organism does not produce oxoloxm, but autolysed cul- 
ures contain endotoxm Weil has demonstrated nontoxic aggres- 

m the inflammatory exu- 
dates of PasteureUa-infected animals 

>nuItocido is pathogenic for a large 
“er^W however, the organism varios m viru- 

The vnXn < ft ^ '“"-Parauvely avirulent types 

chicken eX° " ty animal passage, 

media. Soontan growth upon blood or blood serum 

Tko contZ^^irh which occur m cultures 

most important role m some strains Probably the 

reduced by various stresses of the animal has been 

rabbit, and piEMn^^'c^'" ** oapenmental annuals are the mouse, 
more susceptible to fowl sft i'i° resistant Chickens are 
bovine strains are able to pSce deTtf 

actenzed by a septicemia Posteurella muUoctda are char- 

congestion submucous ^ accompanied by blood-vascular 

Itis The less acute form nf ft Itemorrhages, and an enter- 

fibnnous or hemorrhaeie 1 ° ’’■^oose is accompanied by sero 

sheaths The chronic mucosa and m tendon 

abscesses and the acpnmn-» ** ^ ^acterized by necrotic areas, 
anemia, diarrhea, and cachexi^™^ *^abilitative conditions, such as 

Petacute fowrchnftraft^ “J™*™ “f ‘ho ■hsease is the 

orrhages of the mucous otaracterized by petechial hem- 

enlargement of the hver various organs and by 

foundinthehverofthechX^: '!? ^oas of focal necrosis are 

““““he chronic forms 
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In addition to chickens, serious losses are produced by this 
organism in domestic ducks, geese, and turkeys Outbreaks of pas- 
teurellosis may be encountered m wild fowl Hudson has reported 
the disease in pheasants, and Quortrup, Queen, and Merovka ob- 
served an extensive epizootic m wild duck in Texas 

In cattle, hemorrhagic septicemia occurs m either the pectoral 
or edematous forms The pectoral form mvolves the lungs and the 
pleural cavity and is accompanied by petechial hemorrhages m 
those tissues The edematous type appears as an extensive edema 
of the subcutaneous tissues and the organs and tissues of the 
peritoneal cavity It appears that hemorrhagic septicemia seldom 
appears m the United States or Canada as an important epizootic 
Recent observations have disclosed that shippmg fever m Canada, 
once believed to have been a hemorrhagic septicemia, is non- 
septicermc but is a bronchopneumonia However, sporadic cases of 
hemorrhagic septicemia are still seen occasionally m the bovme 
The disease m calves is characterized by a typical pleuropneumonia 
Post multoctda may localize m various tissues, mcludmg the bram 
Isolation of the organism from a heifer showmg symptoms of en- 
cephahtis has been recorded by Kingman Numerous mvestigators 
have found the organism to be present in bovine mastitis 

In sheep, the organism produces an acute form characterized 
by typical hemorrhagic septicemia, a subacute form typified by a 
bronchopneumoma, and a chronic form characterized by a chronic 
pleuropneumonia Biester, Schwarte, and Packer demonstrated 
that the organism may locahze m the brain of sheep, producing 
symptoms characteristic of encephalitis 

In swme, acute epizootic pasteurellosis is an infrequent disease 
on this continent However, Past mulfocido is an important second- 
ary mvader of the widespread virus pneumonia of pigs 

In horses, the orgamsm is not common although it has been 
found as a secondary mvader m contagious pleuropneumonia 

In dogs and cats, the organism is not considered as a common 
agent of disease, although it has been isolated from these animals 
The possibihty must be noted that such animals may have fed 
upon a bird or mammal which had died of an infection caused 
by Past multocida, thereby becommg infected m that manner 
Outbreaks of pasteurellosis m. mmk raised m captivity have been 
reported as mitiated by feedmg meat from another species of animal 
which had died of this disease Smith has reported the isolation 
of the organism from a monkey which had died enroute from 
Chicago, lUmois, to Sioux City, Iowa 

In rabbits, the disease is manifested by a hemorrhagic septi- 
cemia with pleuropneumonia or “snuffles ” Subcutaneous ab- 
scesses are considered typical of the chronic form of the disease 
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In rats Pasteurella muUoada produces the usual hemorrhagic 
septicemia picture 

In view of the broad range of animal species subject to Past 
multocida infections, it is not surprising that an occasional mfec- 
tion has been encountered m man Such mfections are usually 


localized in nature, causing pneumonia, pleurisy, pericarditis, 
empyema, and memngitis Most of the conditions reported were 
chronic, mdicatmg that man possesses considerable natural resis- 
tance to the organism Dog and cat bites have been reported as 
imtiatmg local Post multocida mfections 

Immunity The first method of bacterial prophylaxis was de- 
veloped by Pasteur in 1880 with an avian strain of the organism 
He used an organism which had been attenuated by prolonged culti- 
vation upon unsealed media This vaccine produced a mild reaction 
in susceptible chickens, but the ammals were immune to subsequent 
inoculations of virulent cultures This type of the vaceme has not 
come mto general use because it has been reported that it may 
produce fowl cholera m some birds 

Tissue aggressm prepared by Wed’s technic has been used 


♦♦1 agent for the prevention of pasteurellosis m 

cattle, sheep, and swme Artificial aggressms or culture filtrates are 
also used for prophylaxis ChemicaUy kiUed broth bacterms pre- 
pare om a variety of Past multocida strains are widely used. 
u«(» mununity has been produced in many instances by the 

use of hyperimmune serum 


eUesi^bMl'^ unmunizing agents for the prevention of pasteur- 
of the Recent contributions to our knowledge 

It possible fn dissociation pattern should make 

Ld ^ser/ laboratories to prepare their bacterms 

fowl cholera Bam h effectively for the prevention of 

ful m the prevention of ho ^^d mmeral oil It has been success- 
Duipioin T ’'""•'>"•>^6*'= ^eptieenua m Asia, 

by demonstrating typicd biodw”'^'’* PasteureUosis can be made 
blood and hver tissue Th ^ smears made from heart 

slant cultures and inoculatiLT^^^T^ ^ isolated upon agar 
bits, or into pigeons Tho « ^ uiade into mice, yoimg rab- 

dependable criterion for bipolar stainmg rods is not a 

mott tissuf^mearr" 

tion must employ the Pasteurella muUoctda mfec- 

rhamnose, xylose, and arahm *' *^actions on saccharose, lactose, 
reactions given m Table 24 1 with the other biochemical 
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Pasieurelia /lemofytjca 

Synonyms and History. The first report of an organism typical 
of tins species was made by Jones in 1921 when he reported a sepa- 
rate group of Pasteurella organisms which fermented lactose, did 
not produce indol, but did hemolize blood. In 1932 Newsom and 
Cross isolated the organism from cattle and sheep and suggested 
the name Pasteurella hemolytica. 

Several other reports of an organism which apparently belongs 
to this species, have been made by a number of investigators. These 
include: Magnusson (1914) with an atypical hemorrhagic septi- 
cemia culture from a reindeer, Besemer (1917) with a calf strain, 
Spray (1923) with a group of Pasteurella oviseptica cultures, Jor- 
gensen (1925) with organisms originating from the normal bacterial 
flora of cattle, Tanake (1926) with his buffalo cultures, Eddington 
(1930) with nine cattle cultures, Ochi (1931 and 1933) with six 
avirulent sheep strains, and Hellesnes (1935) with a virulent cattle 
strain. Rosenbusch and Merchant (1938) confirmed the results of 
Newsom and Cross with nine cultures. 

Distribution and Transmission. This organism has been re- 
ported from the United States although other reports indicate it 
is present in Sweden, Norway, England, and Japan. 

It is probably transmitted by contact. 

Morphology and Staining. The organism is a short, nonmotile, 
encapsulated Gram-negative rod which is indistinguishable from 
Pasteurella multocida when recently isolated. It becomes increas- 
ingly pleomorphic after it is grown in artificial media for some time. 

Growth Requirements and Characteristics. The growth re- 
quirements of this organism are similar to those of Pasteurella 
multocida. 

On solid media, the colonies of Pasteurella hemolytica are 
round, flat, fluorescent, smooth, and moist; however, fluorescence is 
a variable characteristic. 

Beta hemolysis may be present on initial isolation, but this 
hemolytic faculty diminishes as a result of repeated subculture on 
laboratory media. It returns, however, upon passage of the culture 
through mice or the chicken egg embryo. Hemolysis can some- 
times bo discerned only under the colony when the latter is scraped 
off the agar. 

In broth the organism produces a diffuse cloudiness, and there 
is a marked sediment in cultures which have been maintained for 
a long time in culture media. A heavy viscid precipitate forms in 
old broth cultures. 

Resistance. This organism is similar to Past, multocida in resist- 
ance. 
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Biochemical Properties. Pasteurella hemolytica forms acid but 
not gas from lactose, maltose, saccharose, mannitol, glucose, dex- 
trin, galactose, glycerol, inositol, fructose, raffinose, sorbitol, and 
xylose. It does not ferment adonitol, salicin, rhamnose, or inulin. 
Some strains are able to produce a slight acid reaction in mannose, 
dulcitol, and arabinose. This organism docs not form indol; reduces 
nitrates to nitrites; docs not produce methyl acetyl carbinol. All of 
the strains of the organism produce beta hemolysis. Litmus milk is 
acidified and coagulated in 48 hours. 

Antigenic Structure and Toxins. The organism is antigenically 
homogenous. 


Exotoxins have not been reported. 

Pathogenicity. Pasteurella hcmolytica is relatively nonpatho- 
gemc for mice and rabbits, and virulence is enUrely lost after the 
cultures have grown on artificial media for some time. 

organism has been found to be present in pneumonia of 
e an sheep, Carter has found it to be the predominant 
ism ^ PPhig fever in Canada. The importance of the organ- 

resistance has been lowered has been 
“'J Europe. 

sembline recovered cultures of an organism closely re* 


Pasteure//a pesfis 

Synonyms and Hbtorv R« * • 

oubtmicae. Bacillus pestis pestis, Boeferium pestis 

bubonic plague or numerous pandemics of 

man. It has been estimat.^ periods in the history of 

disease in India during the rw* ■ ^ 10.000,000 persons died of this 
epidemic that the It was during this 

Kitoto and by Yersin, workfa^^* isolated and described by 
work in 1894. ““S “dependently, but reporting their 

^^^ribution and TVa*..- ♦ • 

f have not occurr^^i^ epidemics of bu- 

the present century Th*. ^ Pl^ee m the world since the turn 

Ae rodent population of established in 

various continents where a chronic type 
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of the disease has become endemic in man. These areas include 
parts of China, India, Siberia, southern Russia, the Uganda district 
of east central Africa, western Africa, south Africa, and in Argen- 
tina. 

In California, Meyer and his co-workers have reported the 
organism from squu'rels, and other rodents, in which jt has caused 
sporadic cases of the disease known as sylvatic plague. 

The transmission of plague to man governs the type of disease 
produced. The rat was recognized as being related to the disease in 
1903, and in 1908 the rat fleas Xenopsylla cheopsis and Ceratophyllus 
fasciatus were found to be carriers of the organism. The bubonic 
form of the disease in man results from the bite of the flea. The 
pneumonic type of plague may result from the generalization of the 
disease due to flea bites but is more common during cold seasons 
when there is direct transmission of the organism from person to 
person in close contact. The infection among rodents is transmitted 
by fleas, by contact, by food infection, and by cannibalistic practices. 

Morphology and Staining. Pasteurella pestis is a short, non- 
motile rod measuring 0.5 to 0.7p in width and 1.25 to 1.75ji in length. 
In body fluids it appears singly, in pairs, or in short chains. The 
organism is extremely pleomorphic in bubonic lesions and on salt 
agar, forming filaments, club- 
hke forms, and yeasthke ceils ^ liV 

(Fig. 24.4) . In the animal 
body the organism produces a 
thin layer of mucoid capsular 
material. It is nonmotile and 
nonsporeforming. 

The organism is stained 
easily by ordinary dyes and 
is distinctly bipolar. It is Gram- 
negative. 

Growth Requirements and 
Characteristics. This organism 
grows best at a temperature 
varying from 25° to 30°C. It is fig. 24.4 ~ Pasteurella pestis, involu- 
aerobic and facultatively an- Z*®" terms on soft agar, x 2,000. 

1 A TT f* n n I 1 ^ IFrooi IaOV/oIcs Oocumenta 

aerobic. A pH range of 6.2 to 7 loglca, courtesy Gustav Fischer.) 
is best suited for growth. It 

grows on all ordinary culture media, although growth is favored by 
the presence of serum. 

On solid media, colonies of the organisms are flat, grey to greyish- 
white, translucent, iridescent, undulate with a notched margin and a 
raised center (Fig. 24.5). Variant colonies, considered rough and 
avirulent, are larger, more opaque, and have a crateriform center. 
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In broth the organism grows moderately, producing a floccular 
deposit which does not disintegrate upon shaking. As the culture 
ages, the sediment increases and tends to form on the sides of the 
tube. In some cultures a thin pellicle is formed. 

The organism is not soluble in bile and grows on MacConkey s 
bile salt medium. A thin layer of growth is usually formed on potato. 

Resistance. Pasteurelhi pes- 
tis is killed by 55°C. in 5 min- 
utes and immediately by 5 per 
cent phenol. It is not resistant 
to drying or to direct sunlight 
Cultures of the organism kept 
in an ice box will survive for 
months if the culture tubes 
are sealed. Organisms in in- 
fected spleens from mice have 
remained viable for seven 
years when preserved in glyc- 
erine. 

Biochemical Properties. 
The organism produces acid but 
no gas from glucose, maltose, 
mannitol, salicin, arabinose, and 
, , , some strains from dextrin, glyc- 

?\ and xylose. It does not ferment lactose, saccharose, inulin, dul- 
atol, raffmose, adonitol, or sorbitol; does not produce indol; does 
re uce nitrates; produces a small amount of HsS. The organism 
L? if"® positive methyl red posiUve. and Voges-Proskauer nega- 

^®^“oe methylene blue; does not 
change htmus does not Uquefy gelatin. 

tvne of 77 Toxins. There appears to be only one 

Sblf so™ r '-“‘-kMe capsular antigen and a hcat- 

T^e u” *" P“deurella pseudotuberculorfs. 

true toxins have not been described 

gotaea pig, rabbit, an'd W “Sf squirrel, vdld 

duces infection readUv * • ^®*^ontalIy, the organism pro- 
monkeys, but cats guinea pigs, rabbits, and 

'hfficult to infect ’ VJith cattle, sheep, goats, and horses are 
difficult to infect* exception of the sparrow, birds are 

The disease in man is f • 

and pneumonic forms * 1 , importance. The septicemic 

60 to 95 per cent of 

not as fatal, ° disease is most common but is 


FIG. 24.5 - Pa*t«ur«lla p«stU colony 
on gelatin plate, X 110. (From Nowoks 
Doeumento Microbiolooico. 

Gustav Fischer.) 


courtesy 
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Different forms of the disease are foimd in rats during natural 
infections. The acute type is characterized by blood-vascular con- 
gestion over the entire body. The subacute type causes enlarge- 
ment of superficial lymph nodes accompanied by edema and hem- 
orrhage. The spleen is enlarged^ and the liver is covered with small 
hemorrhages and areas oi iocal necrosis. In the chonic form the 
organism localizes in the lymph nodes, liver, and spleen, where 
areas of caseation necrosis and abscess formation are produced. 

Experimental animals, particularly guinea pigs, show typical 
buboes following subcutaneous inoculation, and the liver and spleen 
are studded with necrotic foci. 

Immunity. One attack of the disease produces an immunity to 
further infections. In 1895 Yersin, Calmette, and Borrel produced 
an immunity in rabbits and horses by the injection of killed cul- 
tures. The serum taken from immune horses protected rabbits 
against inoculations of virulent organisms. Haffkine, in 1897, pro- 
duced the first successful human vaccine consisting of heat-killed 
broth cultures prepared by repeated reinoculation of the medium 
over a period of six weeks. Avirulent and attenuated vaccines 
which are thought to produce a better immunity than heat-killed 
products have been used also. 

Passive immunity by the use of hyperimmune horse serum has 
been reported by several investigators to be of value during the 
early stages of the disease. 

Diagnosis. Direct smears which are made from material ob- 
tained by puncturing an enlarged lymph node often reveal the pres- 
ence of this typical bipolar organism. Cultures and guinea pig 
inoculation are often essential for definite diagnosis. 

Great care must be followed in the collection of suspected fluid 
and tissue from human cases and from dead rats for the purpose of 
laboratory examination. Such materials must be placed in tight 
containers which are distinctly labeled. 

Pasfeuref/a fufarense 

Synonyms and History. Bacillus tularense, Bacterium tular- 
ense, Brucella tularense. 

Pasteurella tularense was first observed by McCoy in 1911 in 
a plaguelike disease of the ground squirrel, Citellus beechyi, in 
Tulare county California. In 1912 McCoy and Chapin succeeded 
in isolating the organbm on egg-yolk medium. They named the or- 
ganism Bacterium tularense and were able to reproduce the disease 
with cultures. 

The greatest part of the literature concerning this organism 
and the disease which it produces has been contributed by Francis 
and his co-workors since 1919. 



412 Veterinary Bacteriology and Virology 


The position of this organism in the genus Pasteurella is open 
to serious question. Francis has shown that it has a definite antigenic 
relationship to the Brucella group and upon that basis Topley and 
Wilson refer to the organism as Brucella tularensis. Other investi- 
gators are reticent to follow ibig classification. Bergey’s Manual 
listed the organism as Pasteurella tularensis in 1939j Zinsser and 
Bayne-Jones, 1939, prefer to take a course between the Brucella 
and Pasteurella and call it Bacterium tularense. 

In 1932 Reimann published a comparative study of Pasteurella 
pseudotuberculosis, Pasteurella tularensis, and Pasteurella pestis 
in which he concludes that all three of the organisms are closely 
related and should be classified in the same group. He found that a 
1:800 dilution of sodium ricinoleate caused the clearing of suspen- 
sions of all three species in 2 hours. This was not true of the 
Brucella. 


Distribution and Transmission. The organism is \videly distrib- 
uted throughout the world, having been reported from Japan, 
Russia, Norway, Sweden, and Austria. On this continent, it has 
been reported from Canada and from forty-six of the states and the 
Distnct of Columbia. 

Parteurella tularense is transmitted in a variety of ways. It can 
be earned by blood-sucking flies, Ucks, lice, and fleas. Cases result 
tom contact with infected animals. The hair or fur from infected 
organism to the eyes or into the respiratory 

J * onanism b not transmitted by contact from 

person to person. 

insec^P^f organbm is usually transmitted by 

the K has been demonstrated that 

the larvae Pttrent tick with the eggs, thence to 

of the oreani^ *6 adult. The presence 

number oTci””fft:g^ tha'^reatest 

summer months CaSs =tumals during the late 

mer months hut the duu. I “ ""t™ p's" °ocur during sum- 

during the humi^ <hsease B most prevalent in the colder months 

that L Z 

tions during the wint omic in rabbit and squirrel popula- 

organis^^r carriers of the 

was described bv ™ ^ human population in Russia 

the water had been con^m^ ^ ^ter-bome infection. Presumably 
^ase. The bolation of water rats infected with the 

in western United State® at ^ p*^^ism from cold-water streams 
^read hy water. Pahm foun^ ’c^s that the infection may he 
from an infected hoe to ma disease may be transmitted 

g to man during the process of butchering. 
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Morphology and Stauiing. Pasteurella tularense is a small, 
pleomorphic, nonmotile rod, 0.2 by 0.3p to 0.7 by 3p in size. In young 
cultures ovoid and bacillary forms are found, but in old cultures 
the organism is coccoid. It is nonmotile and nonsporeforming. Clear 
zones around the organism considered capsules are observed in 
smears of animal tissue. 

The organism is stained unevenly with most of the common 
dyes revealing forms which appear swollen on one end and pointed 
on the other. Smears from animal tissues show the presence of 
many bipolar forms when methylene blue or carbol fuchsin is used. 
It is Gram-negative. 

Growth Requirements and Characteristics. The organism is 
strictly aerobic and grows best at a temperature of 37°C. Tlie 
optimum pH for growth ranges from 6.8 to 7.3. 

Pasteurella tularense cannot be cultured on ordinary media. 
McCoy and Chapin found that egg yolk contained some essential 
growth substance. Francis subsequently demonstrated that when 
cystine or cysteine hydrochloride was added to the medium that 
growth resulted; consequently, either of those substances is in- 
corporated in media which are used in the study of the organism. 
Traub and co-workers have listed 13 essential amino acids in a me- 
dium they recommend. Growth is also stimulated by the presence 
of a small piece of rabbit spleen in the medium. Larson has observed 
that the organism grows readily in the chicken embryo when intro- 
duced in the yolk sac. 

On a solid medium the organism forms minute, dewdrop-like, 
translucent colonies which vary from a viscid to a buttery con- 
sistency. 

Resistance. The organism is killed in 10 minutes at 58°C. and 
is destroyed in 1 per cent tricresol in 2 minutes. Saline suspensions 
of the organism containing 0.1 per cent formalin are not virulent 
after 24 hours’ exposure. The organism remains viable for years 
when present in spleen tissue preserved in glycerine and kept at 
— 14°C. It has been found viable in the feces of bedbugs after drying 
for 26 days. 

Post, tularense is susceptible to die action of streptomycin, 
Aureomycin, and various of the sulfonamide compounds. 

Biochemical Properties. Pasteurella tularense is not as sac- 
charolytic as the other members of the genus. It produces only a 
slight amount of acid from glucose, glycerol, maltose, mannose, 
fructose, and dextrin. Hydrogen sulfide is produced in a cystme 
medium. Catalase is produced, being greatest after 12 hours m in- 
cubation and then reaching a stable level at 48 hours, accordmg to 
Avi-dor and Yaniv. The organism is soluble in sodium ricinoleate. 

Antigenic Structure and Toxins. The different strains of 
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PasteuTclIa tularensc are antigcmcally homogenous An antigenic 
relationship exists with BruecHo abortus and Brucella melttensis, 
but neither organism is able to absorb the homologous aggluUnm 
from Past tularensc antiserum 

Exotoxm IS not produced 

Pathogcmcity The organism has been found to produce 
natural infection m the following animals ground squirrels m Cah- 
fomia and Utah, wild rabbits and hares throughout the United 
States, wild rats and wld mice m California, sheep m Idaho, quail 
and grouse in Minnesota, wild rabbits m Japan, Norway, and 
Canada, water rats m Russia, beaver m Montana, beaver and musk- 
rats m Canada, chipmunk in Idaho The organism is known to m- 
feet carnivora, foxes and dogs, which have eaten infected rabbits 
Tularemia is a fatal septicemia m rodents, particularly m rabbits 
The lesions of the disease are most predommant m the liver where 
numerous areas of focal necrosis are observed Similar lesions are 
also found m the spleen, lungs, and bone marrow m some cases 
In a study of the comparative susceptibility of various labora- 
tory animals, Do%vns and associates have found that white mice, 
rabbits, gumea pigs, hamsters, and cotton rats are all susceptible 
Chicks and dogs are less susceptible than the above animals In 
dogs the infection remains localized Young monkeys succumb to 
an mjection of as few as 20 bacteria but do locahze tho bacteria 
more effectively than any other experimental animal except the 


Accordmg to LiUie and Larson, the golden hamster is markedly 
mcepuble to Past tularensc, showmg extensive lesions foUowing 
experimental moculation by a variety of routes 

clnuSl'^es'^' ^ 

ulceroglandular type is characterized by the formation 
papu e m the skm which develops mto an ulcer and is 
2 The°m^^7 j ^^'^gement of the regional lymph nodes 

glands ^ ^ enlargement of the regional lymph 

but p^^nu'eSa‘ ®>^™“'paiued by skm or eye lesion' 

4 The tvahoi^ t gement of skeletal lymph glands 

evidently represents ® 

the disease septiceimc or bacteremic stage of 

abovnTOK°rnd ™ extension of any of the 

m the lunes localization of the organism 

I^de has de?criW^''“ 

d m the mothof j congenital tularemia which 

*e eighth month of pregnancy 
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causing the death of the fetus Necrotic granulomatous lesions were 
found m various organs of the fetus and organisms morphologically 
similar to Post tularense were found m chorionic viUi 

Immunity. Recovery from tularemia results m a permanent 
immunity This is true of wld animals, experimental animals, and 
man Specific agglutmins remain m the circulation for years after 
recovery from the disease, this has resulted m the diagnosis of 
infections years after recovery has taken place 

An acetone-extracted vaccme prepared from peptone broth 
has been shown, by Downs and his associates, to be effective m 
producmg immunity m the white rat against experimental infec- 
tion The essential antigenic substance was found to be protem 
in nature and the vaccine resisted heatmg to 100°C and remamed 
effective after storage in a refrigerator for eight months Coriell, 
Downs, and Clapp noted that Swiss mice could be protected by 
vaccmation, but a high percentage of the animals which survived 
the challenge moculation contmued to harbor virulent organisms 
for several weeks Larson prepared an ether-extracted vaccme 
from yolk sacs of mfected chicken embryos which was effective 
m immunumg white rats 

Hyperimmune serum prepared m either horses, goats, rabbits, 
or sheep has been found effective experimentally and accordmg 
to Foshay is valuable in clmical cases of the disease in man 
Larson has observed that if immime serum is withheld for 24 hours 
after the injection of Past tularense white rats are not protected 
agamst infection 

Diagnosis. The disease in rodents is more accurately diagnosed 
by the isolation of the organism For this purpose it is necessary 
to mject the tissue emulsion from a suspected lesion mto the gmnea 
pig or white rat This animal usually dies within a week, and 
cultures are made from the heart blood, spleen, and liver on 
blood-glucose, cystme agar, or coagulated egg-yolk medium 

In human cases showing generalized symptoms, the blood may 
be mjected mto gumea pigs from which the organism can be isolated 
in. case of death 

If the disease has passed the first week, the agglutmation test 
can be used as a means of diagnosis m any animal or m man 
Infected animals and man show allergic reactions to mtradermal 
mjections of oxidized bacillary suspensions of Past tularense, 
however, the value of such a test is limited by the fact that skm 
allergy persists for some time following recovery from the disease 

PasteureHa pseudotuhercufosis 

Synonyms and History In 1883 Malassez and Vignal observed 
an organism which was isolated from gumea pigs after they had 
been mjected \vith material taken from lesions of human tubercu— 
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losis Whether this organism %vas the one under discussion is 
doubted The first authentic report of the organism \vas made by 
Pfeiffer m 1889 uhen he referred to it as Bacterium pscudotubcrcu- 
losis rodentium 

Since the organism is motile, some question its inclusion in the 
Pasteurella group Reimann and Rose, however, have showTi that it 
IS quite similar to Pasteurella pestts and Pasteurella tularcnsc in 
many respects which offset the fact that flagella arc present 

Distribution and Transmission The organism is widely distrib- 
uted throughout the world and it produces spontaneous epidemics 
of disease m gumea pigs and other rodents 

°*‘S 2 misra IS probably transmitted by the mgestion of 
^ known to be transmitted by insects 
orp ology and Staining. Pasteurella pscudotuberculosis is a 
^aU, pleomorphic cocco-baciUus which is similar to Past pcstis 
itie orga^ is motde m broth cultures meubated at 22*0 It is 
noncapsulated 

negaUve 

aerobic ang f ““<* Characlcrislics The orgamsm is 

growth ““■’ot'Ki Ils optimum temperature for 

Winced by “ 

umb^te°°'^W “n “gar surface are round, 

dered with an greyish-ycUow, even-bor- 

stnations The / <^enter and a flat, clearer periphery showing 

rmr“3!r “ “Onsutency A%ou^ variant 

Broth cultures sbn ° “ “renated edge has been described, 

precipitate A sltoKf ^ Moderate turbid growth and a viscid 
On potato the oremn^^^ ° surface growth forms m old cultures 
growth which later tu^ ^ membranous 

ordinary disinfect^t^'^Tf ^ P*®“‘Iot«beTcuIos« is not resistant to 

10 minutes ^ killed by a temperature of 60*C m 

Biochemical Properties 

gas, from glucose, maltosp ^ o^’ganism produces acid, but no 
galactose, rhamnose and elv salicin, arabmose, fructose. 

It does not ferment lactodo I ^me strains ferment saccharose 
produce mdol, reduces mt* ♦ sorbitol, or raffinose, does not 
ganism is posiUve to the cataS P*^uces H.S and NH^ The or- 
negative to the Voges-Pro.slrs> methyl red test but is 

turns litmus nulk shehtlv reduces methylene blue, 

Antigenic Structure and To hquefy gelatin, 

ypes of antigens, one a heat organism possesses two 

other a heat stable O or soirif^*'® ^ ®^Sellar antigen, and the 
somatic antigen The flagellar antigen is 
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formed only at temperatures below 25°C The somatic antigen 
consists of three to five different types, one of which is related to 
the O antigen of Salmonella schottmuelleri In addition to these 
antigens there is a different heat-stable somatic antigen of the rough 
form which is similar to the somatic antigen of Pasteurella pesUs 
An endotoxm was prepared by lysis of two different strains 
of Past pseudotuherculosis with bacteriophage by Lazarus and 
Nozawa The endotoxin produces marked circulatory changes and 
death m less than 12 hours in rabbits, gumea pigs, and white mice 
In addition to death m experimental animals, the endotoxin in 
small doses produces skm necrosis of gumea pigs After detoxifica- 
tion \vtih formahn, this toxm is not able to stimulate the pi eduction 
of antitoxm 

Pathogenicity. Pasteurella pseudotuherculosis causes a condi- 
tion called pseudotuherculosis m rodents, especially guinea pigs 
The disease may be an acute septicemia or may follow a chronic 
course In the chronic type of the disease the organism localizes m 
the mesenteric lymph nodes, the hver, the spleen, and the lungs, 
where it produces small necrotic nodules A severe diarrhea usually 
accompanies the infection Leader and Baker have reported a fatal 
disease m the chinchilla from which the organism was isolated 
Hosenwald and Dickinson isolated the organism from sick and 
dead turkeys m ten different flocks in Oregon This organism has 
been isolated, likewise, from turkeys by Blaxland in England 

Other species of animals, m addition to those mentioned, aie 
susceptible to this organism Jamieson and Saltys have isolated it 
from cases of epididymo-orchitis m rams in Scotland Eieland, of 
Norway, has observed it in silver foxes and in swme 

Experimentally, the organism has produced infection m the 
gumea pig, mouse, rabbit, wild rat, dog, cat, and the horse Obscure 
cases of human infection are reported in the hterature Gumea pigs 
which are moculated with the organism usually die m two to three 
weeks 

Immunity. Nothing is known concerning the immunity pro- 
duced by the orgamsm 

Diagnosis. The differentiation of this organism from Pasteurella 
pestis IS most important This can be done only after the organism 
IS isolated m pure culture The presence of flagella and the alkaline 
reaction produced m htmus milk serve to distmguish this organism 
from the one of bubonic plague 
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The Genera Hemophilus 
and AAoraxella 


In classifying bacteria, it is often difHcult to determine the 
appropriate place for all of them Such is the case of the genera 
Hemophilus and Moraxella The former genus has become well 
established because it has certain distinguishing characteristics. 
The latter, however, has not become well established, especially m 
its relationship to the genus Hemophilus, yet both are classified 
the tnbe Hemophileae Representative species of both genera are 
TOccobaciUi but the sunilarity appears to end with this characteristic 
In their study of this problem of proper classification, Murray and 
iTruant have concluded that the genus Moraxella does not belong 
in the tnbe Hemophileae but there is no other suitable niche m 
which to place it 


THE GENUS HEMOPHILUS 

Hus group of iactena requires certain growth promoting sub- 
“d V-factor These substances are pres- 
nllk T» Of and m the fresh ju.ee of certam 

?Worl lie stunulatmg effect of hemoglobm on 

Hemophdus was created The or- 
lated hacdh ftat ’ "““"eUe, aonsporeformmg, noncapsu- 

tract of -"“t pert, m the respiratory 

With the disease bacteria are frequently associated 

TL ’glp *ey are often referred to 

significant ^ mc!te^‘'of'fe^ ^'““P 

have been described by tSH 7 ““ 

sidered of great imnn^r v ^ “ivestigators and are not con- 

are important factors m hum “'"'''r’ arc a few species which 
The species infections 

ennary bacteriology ar7° ” •^'''"'‘ir interest to students in vet- 

Hemophdus mflueaace . assoemted wiU, human influenza 

[ 420 ] 
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Hemophilus suis is associated with swine influenza. 

Hemophilus canis is found in prepucial secretions of dogs. 

Heviophilus gallinanim is associated with infectious cor 5 ^a of 
fowls. 

Hemophilus ovis is isolated from a respiratory infection of 
sheep. 

Hemophilus cuniculi is found in subcutaneous abscesses of rab- 
bits. 

Relationship of Hemophilus inilucuzae to Hemophilus suis. A 
most unusual and interesting relationship exists between human 
influenza and swine influenza. The diseases in the two animals are 
symptomatically and pathologically alike, so definite interest is at- 
tached to the two organisms which have been isolated from typical 
cases of the disease in man and in swine. 

Hemop/uliis influenzae was first described by Pfeiffer in 1892 
and was conceded to be the cause of human influenza. This con- 
clusion was accepted as true imtil tlie pandemic of influenza in 1918 
when many investigators failed to find the typical organism in 
many cases of the disease. Filtrates of nasal exudate were found to 
reproduce the disease, and it was concluded that the primary cause 
was a filtrable virus. The etiological role of Hemophilus influenzae 
In the infection has not been discarded by many; consequently, 
there is yet no unanimity of opinion in respect to the true cause of 
the disease. The most acceptable theory is that a virus is the pri- 
mary inciting agent in the disease and that other organisms, such as. 
Hemophilus influenzae, streptococci, and pneumococci are important 
secondary invaders. 

In 1918, Koen, working in the Federal Bureau of Animal Indus- 
try as a field investigator of swine diseases in Iowa, observed a swine 
disease which was similar to human influenza, so prevalent at 
that time. He called the condition “flu” because of the similarity. 
In 1920 Murray isolated a small Gram-negative coccus which he 
considered the cause of the disease. McBryde, Niles, and Mosky in 
1928 isolated a pleomorphic, Gram-positive bacillus and Bacillus 
suisepHcus from the lungs of influenza swine. In 1930 Fulton also 
isolated a Gram-positive organism from cases of swine influenza. A 
significant report was made in 1931 by Lewis and Shope concerning 
the etiologic factors responsible for swine influenza. They found 
that the disease was caused by the synergistic action of a filtrable 
virus and an organism which they considered so similar to certain 
strains of Hemophilus mfluenzae that they called it Hemophilus in- 
fluenzae (variety suis) . In 1932 Kobe of Germany observed a simi- 
lar organism in a chronic disease of pigs called “ferkelgrippe,” and 
the following year Kobe and Kirchenbauer, independently, further 
emphasized the resemblance of this organism to B. influenzae. The 
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first evidence to show that the two organisms were different anti- 
genically was introduced by Schlutcr in 1936 when he demonstrated 
antigenic differences by the use of complement-fixation and comple- 
ment-fixation absorption tests 

In 1938 Rosenbusch found that Hcmophtliw influenzae suis was 
distmguishable from Hemophilus influenzae on the basis of carbo- 
hydrate fermentation The swme organism fermented maltose and 
sucrose but not xylose or dextrose, while the human slrams fer- 
mented xylose £ind dextrose but not maltose or sucrose 

Hauduroy classified the swine influenza organism as Hemophilus 
suts, a name which Bergey's Manual also uses in the 1948 edition 


Hemophilus suis 

Synonyms and History. Hemophilus influenzae variety suw, 
Hemophilus influenzae-suts, Bacterium influenzae suis 

This organism was first isolated and described by Lewis and 
Shope m 1931 

Distribution and Transmission. Reports indicate that the or- 
ganism IS present m Germany and m the United States Swme in- 
fluenza was prevalent in the middle-westem part of the United 
States foUowmg the epidemic of human mfluenza m 1918, but the 
disease has decreased among swme herds until only sporadic cases 

are reported at the present tune 

.V, mcitmg factor m the disease, is trans- 

y contact The organism is considered a normal m- 
nabitant of the upper respiratory tract of some animals, but it, too, 
^ dunng the active stage of an epizootic 

rod 0 Hemophilus sum is a small, slender 

Itmu “ *'=101058 and varymg from 0 5 to 2ii m length A few 
the observed As the culture of 

culture IS 48 =o=coidal forms begm to appear, and when the 

cultures The =lub-shaped forms are found m some 

m/Zuenme^Fig *= morphology of Hemophilus 

similar types *of organism is not as great as other 

imparts only a famt ordinary alkaline methylene blue 

use of phenolized melhvf ui" ^ fumvier stam is obtained by the 

mg process The organism'^ ‘s steamed durmg the stam 

Cr Tirii. D IS varam-negative 

WluT IS a str?ct B'eToh!* ‘^‘“““'‘onstics The swme influenza 

the medium tor maximum’”^ Moehon of 

The “aximum growth is pH 7 2 

of X and V growth ^ requirement 

growth factors and should be re-emphasized These 
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two factors have received considerable attention frdm the investi- 
gators who have studied the human orgamsm The substance known 
as X-factor is present m the hemoglobin of any ammal and is inti- 
mately related to the iron-contaimng fraction of this pigment This 
factor is heat-resistant, consequently, media contammg heated 
blood, such as chocolate agar, is frequently used for artificial cultiva- 
tion The X-factor is also present m vegetable tissue, especially po- 
tato Certain organisms can activate iron compounds m culture me- 
dia to function as X-factor The substance called V-factor is present 
m the juices of the following vegetables and fruits potatoes, toma- 
toes, lemons, apples, bananas, coconuts, and green peas Red blood 
cells recently removed from an animal also contain this substance, 
however, fresh serum has a destructive effect on it V-factor always 
must be added to the medium after sterihzation because it is easily 
destroyed by a temperature of 100°C The characteristics of this 
factor are similar to vitamm C, 


but are not identical with those 
of that vitamin 

On the surface of solid 
media Hemophilus suts pro- 
duces small, circular, grayish 
semitranslucent, flattened col- 
onies that have a sharply con- 
toured edge They are similar 
to those produced by the hu- 
man influenza organism (Fig 
25 2) 

Hemophilus suts produces 
a faint turbidity in broth due 
to the feeble growth of the or- 
ganism 

Resistance This organism 
IS similar to all of the Gram- 



FIG 25 1 — Hemophilus influenzae 
from ogar culture X 2,000 (From 
Nowak Documenta Microbiologico, 
courtesy Gustav Fischer ) 


negative, nonsporeformmg rods m resistance to heat, hght, desic- 
cation, and chemical dismfectants 


Biochemical Properties In the study of any of the biochemical 
activities of this organism, it is emphasized that both X- and V- 
factors must be added to the media, failure to do so undoubtedly 
will yield variable results 


Hemophilus suis is not an actively saccharolytic microorganism 
Shope and Lewis report no demonstrable action on glucose, lac 
tose, saccharose, dulcitol, mannitol, glycerol, inuhn, or arabinose 
Rosenbusch reports the fermentation of maltose and traces of acidity 
m saccharose and a few strains in mannitol The orgamsm reduces 
nitrates to nitrites, does not produce hydrogen sulphide, docs not 
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liquefy gelatin This organism does not produce indol, this is a char- 
actenstic similar to that of some of the strams of Hemophilus influ- 
enzae Growth IS scanty m litmus milk, and the medium remams 
unchanged 

Antigenic Structure and Toxins. The antigenic relationship of 
Hemophtlus suis to Hemophilus mfiucnzae has been subjected to 
careful study by a number of mvcstigators In their original work 
Lewis and Shope noted the antigenic heterogeneity of Hemophilus 
sms, this is also a characteristic of Hemophilus influenzae according 
to numerous reports Rosenbusdi observed that on the basis of 
agglutinm-absorption tests, the strams of Hemophilus suis were more 
homogenous than the strains of Hemophilus influenzae, however, he 
noted a definite cross-agglutmation between the two species 

The different antigenic 
fractions of Hemophilus suis 
have not been determined 
This organism does not 
produce a soluble toxin It is 



Ii?nn ^ ~ influenzc 

t? V ‘’S. X 40 tfro 

Documento Microbiol^, c 
courtesy Gustav Fischer) ^ 


not hemolytic 

Pathogenicity. The patho- 
genicity of Hemophilus suis de- 
pends upon the previous action 
of the filtrable virus upon the 
mucous membranes of the re*!- 
piratory tract Shope demon- 
strated that the clmical and 
pathological pictures of swine 
influenza depend upon these 
two etiologic agents operating 
m synergistic action, and that 


j . neiuier the virus nor tne oi- 

ganism can produce the disease when injected alone 

PIES sZf f ’ “““ “> ''■^We to rabbits and guinea 

not pr!dre r'l'’ - ■" wh-ln niajonty do 

to white nuce^ “'’“rvahle symptoms The organism is pathogenic 

fluenza wdl he'^™d' “f the virus to swme m- 

filtrable virus diseases ^ of the book devoted to the 

enza are which have recovered from attacks of influ- 

the blood serum of fb ■'^nnis-neutrahzing antibodies m 

virus immunity and is tw “dicates that the immunity is a 

y to Hemophilus suis 



Diagnosis. The presence of Hemophilus suis can be detected 
only by demonstrating the organism by the inoculation of suitable 
culture media. For this purpose, chocolate agar or chocolate agar 
plus sterile potato infusion is recommended. 

Hemophilus cam's 

Synonyms and History. While working as an assistant to Pfeif- 
fer in the period during which the human influenza bacillus was dis- 
covered, Friedberger in 1903 isolated an organism, which he termed 
Bacillus haemoglobinophilus cams from the prepucial exudate of 
the dog. In 1922 Rivers described the organism in more detail, 
called attention to its growth requirements, and suggested the name 
Hemopbilus canis. 

Distribution and Transmission. If the prevalence of prepucial 
exudate is the determining criterion of its presence, this organism 
is widely distributed throughout the dog world. Presumably, it is 
transmitted by contact due to habits of male animals of the canine 
family. 

Morphology and Staining. Hemopkzlus canis is a small, nonmo- 
tile rod which is very similar to Hemophilus suis and Hemophiltis in- 
fluenzae. The organism is Gram-negative. 

Growth Requirements and Characteristics. Hemophilus canis 
is aerobic and grows best at 37°C. and at a pH 7.0 to 7.2. 

Rivers was the first to note that this organism differs from 
Hemophilus influenzae in its relationship to X and V growth factors. 
Hemophilus cams requires the presence of X-factor but, apparently, 
is able to synthesize V-factor or does not need it for growth. 

On chocolate agar the organism produces small, round, grayish- 
white colonies which tend to become larger and more opaque as the 
culture ages. 

A diffuse growth occurs in the proper fluid medium. 

Resistance. The organism is typical of the other members in 
the group. 

Biochciuical Properties. Hemophilus cants forms acid without 
gas from glucose, fructose, galactose, mannitol, sucrose, and xylose; 
does not ferment maltose, lactose, dextrin, arabinose, or glycerol: 
forms indol and reduces nitrates. 

Antigenic Structure and Toxins. Information concerning the 
antigenic relationship of this organism to others of the Hemophilus 
group is not available. It docs not produce oxotoxin. 

Pathogenicity. Hemophilus cants is not considered pathogenic. 
Its presence in purulent prepucial exudate may indicate that it has 
a low-grade tjpe of virulence. It has never been incriminated in the 
acute respiratory infections of the dog; however, this problem has 
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not been completely explored Even though Rivers speculated con 
cermng the possibihty of the organism becoming established in the 
respiratory tracts of people who handle dogs, it is not considered 
pathogenic to man 

The white mouse, the gumea pig and the rabbit are not suscep- 
tible to Hemophilus cams 

Immunity Nothing is known about the i mmuni ty produced 
by this organism. 

Diagnosis The isolation of the organism from the prepucial 
exudate is possible only by the use of a nutrient medium contain- 
ing ematm It is differentiated from the other species in the genus 
by means of carbohydrate fermentation 


Hemophi/us golhnarum 

DeBheck reported finding an organism m the respma- 
type of fowl pox The 
haemonlf^^^ 1 . oegative and hemophilic so it was named B 

Nolscn, m 1932, observed 
m the doTOsUe D epiaootie of eotyra 

orsanism nu j t , Delaplane and Stuart reported the 
Beach and Sehal ° l “ ‘*’0 “me year Pistor, Hoffman, 

California 

of the groupl^^'*!^™'^ **'® “orphology which is typical 

sonreporter*rf;iX^;il!.“““^''’“- Gram negative rods Nel- 
slants which had hT ° organism m blood at the base of agar 

Gregory has found that's organism exist 

and 1 per cent sodium r>,i j ^ conlammg filtered yeast extract 
growth of the organism Th satisfactory for obtaming 

was not essential for ^ 

a fine confluent erowili v. i ^ medium the organism forms 
abundant growth is obtam^ ^ '^ible to the unaided eye More 
to prevent dSic^Uon.*^^ mcubated m a 

typical disease m a su^ organism produces 

lation produces edema witK .1 ^ ^ chicken Subcutaneous mocu 

miecbon. Turkeys pigeon*? irT suppuration at the pomt of 

St resistant. Rab- 

^om laryngotracheitis fffdhjiarum is distinct 

rross-mununity tests by DeLinl t, ^ virus, as shown m 

HemopW„,,„ Erwin, and Stuart. 

In 1925 Mitchell isnlafe,1 n_ 

™ organism which he caUed ”'^“«‘ory tract of sheep 

only repost of the o^lf Apparently this is 



Hemophilus ouis is a short, coccoid, pleomorphic rod, quite 
typical of the influenza group. It is Gram-negative and stains 
poorly with aniline dyes. 

On chocolate agar, colonies are distinct, viscid, moist, and 
glistening, and about the size of a pin head. After continued growth 
the colonies become flatter with an elevated center and lose their 
viscidity. In broth the organism produces a slight turbidity and 
forms in floating, ropy strands which settle to the bottom of the 
culture tube and form a slimy precipitate. 

Hemophilus outs produces acid but not gas from sorbitol, raffi- 
nose, fructose, galactose, glucose, maltose, mannitol, mannose, 
and sucrose; produces slight acidity in lactose and xylose; does not 
ferment inositol, salicin, inulin, arabinose, or rhamnose. It does not 
form indol; reduces nitrates to nitrites; does not liquefy gelatin; 
does not alter litmus milk to which blood is added. 

The organism produces an acute bronchopneumonia in adult 
sheep. In addition to the lung lesions, degenerative changes are 
found in the liver, kidneys, and heart muscle. Intravenous inocula- 
tion of the organism into a sheep produces the typical form of the 
disease. The guinea pig and rabbit are susceptible. The chicken 
is resistant 

Intranasal instillation of the organism into the guinea pig 
produces death in four days, indicating that the organism gains 
entrance through the respiratory tract of sheep affected with the 
disease. 

Hemopfii/us cunicu/i* 

In 1929 Gibbons isolated a hemophilic organism from sub- 
cutaneous abscesses in the domestic rabbit. Hauduroy lists the 
organism as Hemophilus cuniculi. 

The organism is a short bacillus, 0,3 to 0.4[i by 1.0 to 1.2{i in 
size. It usually occurs singly, but chains are found. It is capsulated 
and nonmotile. The organism is Gram-negative. 

Blood agar is most suitable for artificial cultivation, and on this 
medium the organism forms round, smooth, watery, transparent 
colonies which are the size of a pin point. The growth is similar, 
although not as luxuriant, upon serum agar. After prolonged arti- 
ficial cultivation upon blood agar the organism can be grown on 
ordinary beef-extract agar. A marked turbidity is produced in 
infusion broth. 

Hemophilus cuniculi is aerobic and facultatively anaerobic. It 
produces acid but no gas from glucose, fructose, mannitol, maltose, 
hiclose, sucrose, galactose, salicin, dextrin, and xylose; docs not 
ferment dulcitol or inulin. It does not form indol; does not alter 
milk; docs not liquefy gelatin. 
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Experimental subcutaneous inoculation of the organism into 
rabbits produces the typical, circumscribed hard abscesses which 
persist for about a month It causes death in mice withm five days 
by producmg a septicemia Gumca pigs are relatively resistant 

THE GENUS MORAXELU 

Representative species of the genus Moraxella are coccobacilh 
commonly found in a diploid arrangement They vary in size espe- 
cially in old cultures, many cells contain large vacuoles, peripheral 
chromatin granules, fat, and glycogen Some strains are capsulated 
They are Gram-negative to Gram-variable Hematin or other growth 
factors considered essential to the various species of the genus 
Hemophilus are not required for the Moraxella 

Two species, M bouts and M anatipestijer have been shown to 
be pathogenic to animals 


Moraxef/a bovis 

In 1919 Allen isolated a small bacterium from bovine infectious 
keraUtis The organism was simUar to the Morax-Axenfeld bacillus 
■which is considered to be the cause of infectious conjunctivitis m 
*1. ° Little found the same type of organism associated 

with the disease m 1923 Hauduroy classified the organism as Memo- 
bovm^ ^ ^ result of his bacteriological study of 

WiSl ^®"ftitis m 1945, Baldwin demonstrated the etio- 

fiLedbi organism to the disease, which was con- 

firmed by Reid and Anigstem the same year 

fectiou<5 ^ organism as the primary infecting agent m m- 

the disease hi t ^ organism is an important secondary invader m 

placed m a new genus°MorL^lT®7'“ Manual this organism was 
Moraxella h ’ because of its diplococcoid shape 

to 2“ngth 0 5 to 10,1 m width and 15 

observed Pleomomh “t Pairs, but short chains are 

IS present m A definite capsule 

duced The o~s‘ 

Horse blood agar, tjH 7 2 in 7 t; 

for isolation On fk.® j w < 5, is the most satisfactory medium 

white colonies devXrtT translucent, grayish- 

by a narrow zone of he>f^ u hours These colomes are surrounded 
nies enlarge and develon a ^ culture ages, the colo- 

is more scant on plain and * raised area m the center Growth 
medium, the organism fn^*^**” media On coagulated serum 

medium, due to the houpfa colonies which smk mto the 

IS extended throughout fhJ j ^ culture ages, liquefaction 
the medium The organism grows slowly 
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in nutrient broth, forming a light turbidity and a coarse sediment. 

M. bouts does not produce acid in any of the carbohydrates; in 
fact, the medium tends to become more alkaline. Litmus milk 
becomes alkaline with the development of three zones: the upper 
zone composed of deep blue fluid; the medium zone containing soft 
curd lighter in color; and the third zone white, coagulated casein. 
Nitrates are not reduced to nitrite; indol is not formed; gelatin is 
liquefied slowly. 

The lesions typical of infectious keratitis have been reproduced 
in bovines by the use of cultures of the organism by Jones and 
Little, by Baldwin, by Reid and Anigstein, by Barner, and by Jack- 
son. Farley and co-workers were unable to reproduce the disease 
in cattle by using 24-hour cultures of the organism which were 
inoculated under the eyelids of normal cattle. Rabbits and guinea 
pigs were refractory, likewise, to numerous intraocular exposures. 
These investigators found that M. bouis caused the death of 10- and 
12-day-old chicken embryos when cultures were injected beneath 
the inner shell membrane. Sheep are not infected. 

Baldwin noted that animals were resistant to the organism 
after recovery from infection. However, some remain carriers of 
the organism, thus serving as reservoirs until the next season. Jones 
and Little observed that flies are agents of transmission. 

In their study of calf pneumonia, Thorp, Shigley, and Farrell 
found an Hemophilus-like organism associated with the disease. 
This organism is similar to H. s«is in morphology and gives positive 
cross-agglutination results in titers of 1:300 and 1:640. As far as is 
known, no comparison has been made between this organism and 
cultures of M. bouis isolated from infectious keratitis. 

Aloraxei/a onatipestifer 

In 1932 Hendrickson and Hilbert described an organism which 
had been isolated from ducklings. They named it Pfeifferella atia- 
tipestijer. Bruner and Fabricant, in 1954, studied cultures of an 
organism, isolated from ducklings, which fitted the description of 
the above and concluded it should be classified as Moraxella ana- 
tipestifer. These investigators do not consider that the organism 
has a primary role in producing disease in ducklings; in fact, they 
consider it to be nonpathogenic. 

M. anatipestifer is a short Greun-negative rod occurring singly, 
in pairs, and in short chains. It is nonmotile and does not form 
spores. Growth is best obtained in a medium containing horse serum 
and in 5 to 10 per cent carbon dioxide. Colonies on solid media are 
small and dewdrop-like. In thioglycollate medium a ring of growth 
is noted 1 cm. below the surface. It does not ferment carbohydrates 
but does liquefy gelatin, coagulated blood serum, and coagulated 
egg medium. 
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The Genus AAalleomyces 


Classifications of bacteria are subjected to frequent changes. 
The glanders bacillus is an excellent example of how an organism 
may be shifted from one genus to another, from one family to 
another, and from one order to another. At the present time the 
organism is called Malleomyces mallei. 

The genus Malleomyces includes the short rods, which some- 
times form threads and show a tendency toward branching. They 
may be either motile or nonmotile; stain Gram-negative; show a 
tendency toward bipolar staining; coagulate milk slowly; may 
liquefy gelatin; grow best on blood-serum media. These organisms 
are specialized for a parasitic existence on hosts in which they are 
capable of producing disease. 

Two species are classified in this genus: Malleomyces mallei 
causes glanders in the horse and is infectious for man; Malleomyces 
pseudomallei produces a glanders-like disease in rats, guinea pigs, 
rabbits, and man, and has been reported only from India and Indo- 
China. 

Maifeomyces ma//ei 

History and Synonyms. Loeffler and Shutz, in 1882, were the 
first to show that equine glanders was caused by an organism which 
they termed the glanders bacillus (rotzbacillus) . Flugge called the 
organism Bacillus mallei in 1886. It was called Corynebacterium 
mallei by Lehmann and Neumann in 1899, Bactenum mallei by 
Migula in 1900, and Mycobacterium mallei by Chester in 1901. In 
1918, the name Pjeifferella mallei was listed by Buchanan, although 
it was his intention to call the organism Loefflerella mallei in com- 
memoration of the contributions of Loeffler to bacteriology. Pfeif- 
ierclla mallei was becoming well established in the literature when 
Pacheco, in 1933, concluded that the organism should be called 
Brucella mallei. In tlie same year, Thompson studied cultures of the 
glanders organism, of pscudoglandcrs, and of actinobacillosis and 
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concluded that the three were similar enough to be placed in the 
same genus Actinobacillus This name was adopted by Bergey’s 
Manual in 1934 and was becoming established in the literature 
In 1933 Pribram revived tlie name Malleomyces for the genus 
in which the glanders organism was placed This was done because 
of the name MaHeomj/ces cquestm which was used by Hallicr m 
1870 as a result of his work on what he considered to be an organ- 
ism causmg glanders, but accordmg to his descriptions was ob- 
viously not an organism but was a contammated culture 

The mclusion of the glanders organism m the genus Actmoba- 
proposed by Thompson, has been questioned by Topley 
imd Wilson who still preferred the name Pfetferella mallei in 1936 
Holden^, m association with Gay, m 1935, sought to setUe the contro- 
ersy by proposing the name Loefflereila nmllci This appeared to 
Sooted Ihat the name would be 
name AJ n ^ ^ edition of Bergey’s Manual, however, used the 

name Malleomyces mallei 
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adequate diagnostic melh d perfection and use of 
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of controllmg the diseasiT^ pgether has proven an effective means 
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® length Old cultures ar ^,‘P ® ^ 9 5p m breadth and 1 5 

orms which range from cnccn^^ pP^crphic, they are composed of 
some of which are shghtlv bra 1, extremely long filaments 

fflamenls present a beaded an^"* especially the 

mal size appear to have one 9^’'P"Pe, and numerous cells of nor- 
plam (P.g 26 1) “ore minute vacuoles m the proto 

e electron microscope that have found with the aid 

e refractile bodies resemble lipoid 





globules. In smears which are made from a glanders lesion in a 
mouse, the organism is definitely bipolar but the polar granules are 
more distinct than in other bipolar staining cells. This organism is 
noncapsule-producing, nonmotile, and nonspore-producing. It is 
not stained easily by the common dyes and is Gram-negative. 

Growth Requirements and Characteristics. The glanders ba- 
cillus is aerobic and facultatively anaerobic. The most favorable 
temperature for artificial cultivation is 37°C. although some growth 
occurs between temperatures of 25® to 40°C. A slightly acid reac- 
tion, pH 6.6, is most conducive 
to satisfactory growth. 

The organism grows well 
on most of the common labora- 
tory media, but the addition of 
serum and glycerin yields a 
more rapid and abundant cul- 
ture. After two days’ incuba- 
tion upon glycerin agar the 
organism produces a small, 
round, amorphous, translucent 
colony (Fig. 26.2) . Growth 
on solid media has a tendency 
to be slimy and tenacious in 
consistency. Surface colonies 
become yellowish-brown as the 
culture ages. 

In glycerin bouillon the 
bacillus produces a light turbidity and forms a thin, slimy pellicle; 
the medium becomes darker brown as the culture stands. 

The organism is distinctly characterized by the growth which 
forms on potato. After 48 hours incubation, a yellowish, viscid, 
semitransparent growth appears and gradually turns yellowish- 
brown and eventually to a rich mahogany. The potato medium is 
oxidized to a brownish-green color. M. mallei grows readily on the 
media used for the cultivation of tubercle bacilli; glycerol is defin- 
itely stimulating. 

Resistance. This organism is not resistant to adverse condi- 
tions. It is killed by 55°C. in 10 minutes. Natural desiccation and 
sunlight do not permit the organism to live long outside of the body. 
According to Miller e£ a^, “roccal,” hypochlorite, iodine, and mercuric 
chloride are highly effective as disinfectants, whereas phenol is less 
effective and lysol is ineffective. The organism remains viable in tap 
water for at least four weeks. 

Streptomycin has been found of value in treating cases of glan- 
ders in man. 



FIG. 26.1 — Molleomyces mallei, 24- 
hour ogar culture, X 2,000. (From 
Nowak: Documenta Microbiologiccj, 
courtesy Gustav Fischer.) 
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Biochemical Properties. An outstanding feature of Malleomyces 
mallei is its inability to ferment carbohydrate media, although some 
strains do produce a slight acid reaction in glucose and salicin after 
prolonged incubation. It does not produce indol; does not reduce 
nitrates; is negative to the MR. and V.P. tests. The organism pro- 
duces a slight amoxmt of HaS, NHj, and catalase. A slight acidity is 
formed in litmus milk, and in two to three weeks a soft curd is de- 
veloped. The organism does not liquefy gelatin. 

Antigenic Structure and Toxins. For practical diagnostic pur- 
poses the organism is antigenically homogenous when mallein or 
the complement-fixation test is used. The study of numerous strains 
0 e organism by agglutination, precipitation, and complement- 
fixation has revealed at least 
two antigenic types. 

The glanders bacillus does 
not produce a true toxin, al- 
though an endotoxin is thought 
to be the cause of the emacia- 
tion and pyrexia which ac- 
company the disease. This en- 
dotoxin, known as mallein, is 
better known as a diagnostic 
agent. 

Pathogenicity. Malleomyces 
mallei is primarily pathogenic 
to horses and mules in which 
it produces a typical chronic 
infection. The disease is com- 
monly classified into three 
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ulcers heal slowly, but when they heal, a stellate scar is formed in 
the mucous membrane. The regional lymph nodes are commonly 
swollen in nasal glanders. 

In farcy, or cutaneous glanders, the typical glanders nodules, 
or “farcy buds,” form along the lymph vessels between affected 
lymph nodes. These often rupture through the skin and discharge 
a yellowish pus, and form into deep ulcers which heal slowly. 

Malleomi/ces mallei is very pathogenic for the guinea pig and 
the field mouse, but is less so for the rabbit, cat, and dog. 

In the male guinea pig the organism localizes in the testes, fol- 
lowing intraperitoneal inoculation, and produces an orchitis char- 
acterized by swelling which is followed by ulceration in approxi- 
mately two weeks. This reaction was first described by LoefRer, 
but its diagnostic value was recognized by Strauss after whom it 
is named. In their study of the virulence of M. mallei and M. pseu- 
domallei Miller et al. observed that strains of these organisms varied 
in virulence and that the hamster was the most susceptible animal. 
Ferrets were also quite susceptible, but guinea pigs were only 
moderately so, by comparison. Rabbits, mice, rats, and monkeys 
were least susceptible. Lesions remain localized at the point of injec- 
tion in dogs and cats. 

Glanders in man is commonly confined to the formation of 
cutaneous ulcers at the point of invasion with subsequent enlarge- 
ment of the regional lymph nodes. More acute and fatal cases have 
been described in which pulmonary lesions, similar to those in the 
horse, have been found. 

Immunity. An immunity is not produced by the active disease. 
Many different types of immunizing agents have been used in glan- 
ders, but none of them has proven to be of value. 

Antibodies are produced by the natural infection, but their 
presence in blood plasma does not halt the progress of the disease 
to any significant degree. 

Diagnosis. From the viewpoint of prevention and eradication, 
the diagnosis of glanders is important due to the chronicity of the 
disease. The presence of the infection in the horse must be detected 
during the early stages so that the animal may be removed from the 
herd. A variety of diagnostic methods are available for glanders. 

The method most commonly used is known as the mallein test. 
This test is an allergic reaction due to the sensitization of the cells 
of the animal by the end-products of bacteria during the natural 
infection. It is similar to the tuberculin test. Although the reac- 
tions are fundamentally the same, being due to an allergic condition, 
there are four different mallein tests. In the subcutaneoiis test mal- 
lein is injected beneath the skin, and a positive reaction is obtained 
by swelling at the point of injection and an increase in the tempera- 
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ture of the animal The ophthalmic test involves the introduction 
of mallem either in fluid or tablet form, under the eyelids A posi- 
tive reaction results m an mtensc reddening of the mucous mem- 
brane accompanied by a purulent, yellow exudate, usually within 
6 to 8 hours after the introduction of the mallem. In the cutaneous 
test mallem is injected into the skm or is rubbed mto an abraded 
area on the skin along the side of the neck An edematous swelling 
at the pomt of injection indicates a positive reaction A modification 
of the cutaneous test is known as the palprebral test In this test the 
mallem is injected mto the skm close to the edge of the lower eyehd 
A positive reaction usually within 36 hours, is (diaracterized by an 
extensive edema of the eyelid, accompanied by congestion of the 
conjunctiva and a mucopurulent secretion The last test is the 
meW used m routine testmg of animals for glanders 

The agglutination, precipitation, complement fixation, and con- 
^tznation tests have all been used for the diagnosis of glanders 
tiese tests are technically the same as other similar tests, con- 
sequenUy they need not be discussed here 
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Actinobacillus Gay and Holden call it Loefflerella whitmon, Topley 
and Wilson use the name Pjei§erella whitmon 

Malleomyces pseudomallei is a short, motile, Gram-negative, 
aerobic rod It forms thick, opaque, cream-colored colomes on solid 
media On glycenn the growth tends to become wrinkled In broth 
the organism produces a uniform turbidity and forms a pellicle A 
heavy, cream-colored growth forms on potato 

This organism is able to produce acid from glucose, maltose, 
lactose, sucrose, and mannitol, but much of the saccharolytic power 
is lost by contmued artificial growth It does not produce indol, but 
does form H«>S, liquefies gelatin, acidifies litmus milk 

Malleomyces pseudomallet produces in rabbits and gumea pigs 
a natural infection which is similar to glanders in the horse but is 
more acute In the septicemic form of the disease the animals live 
only a few days In the more chronic form yellowish nodules are 
found m the nasal mucous membrane and m the lungs The disease is 
nearly always fatal 

The occurrence of the organism m other animals has been re- 
ported Stanton, Fletcher, and Symonds reported finding the organ- 
ism in the nasal discharge of a horse, and Nicholls isolated it from 
an abscess m the spleen of a cow 

In man, Malleomt/ces pseudomallct produces a fatal infection 
characterized by a generalized distribution of nodules throughout the 
entire body, with the greatest number m the lungs 

The only certain method of diagnosis is the isolation of the 
organism The rapidity of the disease does not allow the formation 
of antibody which may be used m the diagnosis of acute cases The 
more chrome cases of the disease can be diagnosed by serological 
tests if the antigenic relationship of this organism and Malleomyces 
mallei is considered 
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The Genus Actinobacillus 


Microorganisms placed in the genus Actinobacillus must show 
the following characteristics: that they are medium-sized rods which 
vary in form from coccoid to long, filamentous cells; are aerobic; 
are stained Gram-negative; ferment a number of carbohydrates 
forming acid but no gas; grow best in CO 2 on primary isolation; and 
are pathogenic for animals. 

Only one species, Actinobacillus lignieresi, is of significance to 
animal health, although another, AcHnohacillns actinoides, has been 
isolated from calves with pneumonia. 

Actinobacillus lignieresi 

Synonyms and History. In 1902 Lignieres and Spitz described 
an actinomycosis-like disease in cattle of Argentina. Ihey referred 
to the organism as the Actinobacillus and called the disease actino- 
bacillosis. Nocard confirmed their findings in 1902. Since then the 
organism has been isolated and described by numerous workers, 
and the disease is recognized as a rather prevalent one. 

Distribution and Transmission. The particular type of infec- 
tion due to Actinobacillus lignieresi is characterized by caseous 
abscesses in cervical lymph nodes, especially the submaxillary. This 
disease, widely spread throughout the cattle population of all coun- 
tries, is more prevalent in some sections than others. 

The invasive quality of the organism is low, and its method of 
transmission is not known. 

ISIorphoIogy and Staining. Actinobacillus ligmercsi is extremely 
pleomorphic under natural circumstances. It varies in size from 
coccoid fonns 0.4^ in diameter to elongated filaments up to ISp. It 
is nonmotile, noncapsulated, and noasporclorming. An outstand- 
ing morphological characteristic of the organism is the tendency 
to form in aggregates, or clumps, in the infected tissue. When 
the caseous material from a typical abscess Is carefully ex- 
amined, these clumps are recognized as small, brownish-white 
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granules Examination of these granules under the microscope re- 
veals that they are composed of a stellate arrangement of clublike 
processes It is this morphology which is so confusing with similar 
granules formed by Actinomyces boms When these granules are 
broken and smears are made, Acttnobacillus ligmerest is found to be 
a uniform, Gram negative rod as compared to the filamentous 
branched, Gram positive cells of Actinomyces bovis 

Groivth Requirements and Characteristics Acttnobacillus Ugu 
leresi is aerobic, but growth is mcreased by the presence of CO-’ R 
IS not anaerobic The organism grows most abundantly at 37°C 
and in a shghtly alkaline serum medium 


On agar surfaces the growth is scant, bluish m color, transpar- 
ent, and flat In nutrient broth the organism grows abundantly and 
forms a distinct pelhcle It does not grow well on potato 

sistancc The organism is killed by a temperature of 60°C 
within 15 minutes It is not resistant to disinfectants, sunlight, or 
desiccation Laboratory cultures must be transferred to fresh 
medium each week, or they pensh 
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glanders bacillus. Rabbits, cats, and dogs are more resistant to the 
organism than guinea pigs, but they succumb to intravenous inocu- 
lation. 

Immunity, hmnunity is not produced by the infection. Bac- 
terins and immune serum are not used for this disease. The cases 
which occur are too sporadic to make general immunization worth- 
while. 

Diagnosis. It is emphasized again that the presence of the “sul- 
phur granule” is not diagnostic of actinobacillosis. In order to dis- 
tinguish the organism from Actinomyces bouts, it is necessary to 
break the granules and stain the smear with Gram stain. The pres- 
ence of small, coccoid. Gram-negative rods is indicative of Actino- 
baciUus lignieresi. 

The agglutination test has been used successfully for the diag- 
nosis of the disease by some workers. 

Actinobacillus actrnoides 

In 1918 Theobald Smith described an organism which he iso- 
lated from a peculiar type of pneumonia in the calf. The organism 
was similar in many respects to the Actinobacillus, so Smith called 
it BaciUtt^ actinoides. 

The bacillus forms typical ray-fungus colonies when grown in 
the condensation water of serum agar. The individual organism is 
0.4 to 0.5^1 in diameter and is Gram-negative. It can be grown only 
in a CO 2 atmosphere and in serum media which are kept sealed. 
Colonies on solid media are variable in size; some are minute and 
dewdrop-like; others are large and opaque. In the cultures the or- 
ganism appears in three forms: as a bacillus; as a coccus-hke endo- 
spore or arthrospore; and as a conglomerate Actinomyces-like flake, 
or colony, with peripheral clubs. 

Actinobacillus actinoides has been reported by Smith as occur- 
ring in more than one herd of calves, but the extent of the infection 
is not kno^vn. The pneumonia is characterized by a suppurative 
bronchopneumonia with some encapsulation of older lesions. It is 
not pathogenic for laboratory animals. 

Gunning found an organism typical of Actino. lignieresi in an 
outbreak of bronchopneumonia in heifer calves. The lungs of the in- 
fected animals also contained lungwomis (Dictyocaulus sp.) which 
this author considered as primary to the infection and suggested 
that the bacteria were secondary invaders. 

In 1922 Jones described a similar organism which he isolated 
from an epidemic of rat pneumonia. In 1930 this organism was 
studied by Nelson who referred to it as B. actinoides var. muris. 



442 Veferinary 5acierio/o9y ond Virology 
REFERENCES FOR FURTHER STUDY 

Davis, C L., and Stiles G W Actmobacillosis in Rams Jour Amer Vet Med 
Assn^ 95 754 1939 

Gunning, 0 V Vet Rec^ 58 447, 1946 

Jones, F S An Organism Resembling BoctUus octtnoides Isolated from Pneu- 
monic Lungs of White Rats Jour Exp Med , 35 361, 1922 

Ligmeres, J^ and Spitz, G Actinobacillos Revista de la Soc Med Argentina. 
No 53 1902 

■' ■> Nouvelle Contnbubon a 1 Etude des Champignons Produisant des 

Aclmomycosis Ann de Parasit 2 1, 1924 

Marsh, H., and Wilkins H, W Actmobacillosis m Sheep Jour Amer Vet 
Med Assn, 94 363-64, 1939 

Nelson, J B The Bacteria of the Infected Middle Ear m Adult and Young 
Albino Rats Jour Inf. Dis , 46 64-75, 1930 

^1 Characters of B acttnoides var murts Jour Bact, 21 

Xo3— 9o, 1931 

^^^ibS Erreget der Aktmomykose, Ber Tierarz. Woch., 51 797, 

Shaha^M S , and Davi^ C I* The Diagnosis of Actmomycosis and Actino- 
baciUosis Amer Jour Vet Res, 3 321-28, 1942 

hffnieresr Vet Rec., 63 

mS, 

igSl* Capsules or Sheaths of Boctdus actinoides Jour Exp Med., 34 593, 
Taylor, A W Vet. BulL, 16 259, 1946 

Arise m Sheep Which May 

Vet Ser AnTSd! COpuntai sp ) 17th Kept Dir 

anu Am. ind, Umon South Africa, Part 1, 213-29, 1931 

Jour Bact, 26 221- 

Topley W W C W I 

Ed, The Williain 5 "& ®nd Immunity, 3rd 



28 


The Genus Spherophorus 


In this genus are placed those very pleomorphic rods, which are 
anaerobic, nonmotile, nonsporeforming, and Gram-negative. In elon- 
gated cells metachromatic granules may be observed. 

The genus name Spherophorus is newly created, being used for 
the first time in the 1948 edition of Bergey’s Manual. The classifica- 
tion of the type species, Spher. necropkortis, of the genus has pre- 
sented a problem for systematic bacteriologists for some time. This 
organism appeared to have a rather firm place in the genus Actino- 
myces for many years. It has been classified in the genus Fusiformis 
but that name was not used to any extent. 

There are a number of species listed under this genus but the 
only one of significance to animal disease is Spherophorus necro- 
pho7*us. 

Spherophorus necrophorus 

Synonyms and History. Bacillus necrophorus. Bacillus diph- 
theriae vitulorum, Streptothrix cuniculi, Bacillus fUiformis, Strep- 
tothrix necrophora, Fusiformis necrophorus. 

In 1884 Loeffler observed this organism in material taken from 
cases of calf diphtheria. He was able to obtain primary growth of 
the organism upon calf serum inoculated with necrotic tissue from 
mice in which he had succeeded in producing typical lesions. In 1891 
Schmorl isolated an organism which he called Streptothrix cuniculi 
from necrotic lesions around the lips of the rabbit. Since that time 
the organism has been isolated from a large number of animals 
showing typical necrotic lesions which have given rise to the term 
necrobacillosis for the disease. 

Distribution and Transmission. Spherophorus necrophorus is 
widely distributed throughout the world. It has been isolated from 
the intestinal tract of man and animals; thus it appears to be a nor- 
mal inhabitant of animal tissues. Infections associated with this 
organism are also associated with filthy, insanitary conditions. These 
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infections may reach epizootic proportions in certain animals, par- 
ticularly m calves and horses The organism is a frequent secondary 
mvader m other diseases m which primary necrosis or destruction of 
tissue exists 

iVIorphology and Staining. Spherophorus necrophorus is a slen- 
der, pleomorphic organism varymg from coccoid cells 0 5 to 1 5p 


Nowok Doowmeolo 
ogico, courtesy Gusfov Fischer) 

B Gram-negauve It is nonmoule 

show branching * 


m size to filaments 100^ m 
length. In young cultures the 
filamentous forms are most 
prevalent, but as the culture 
ages these filaments appear to 
segment and to break up mto 
numerous coccoid and bacillary 
forms (Fig 281). This pro- 
cess of segmentation gives the 
organism a typical beaded ap- 
pearance when stained wth 
carbol fuchsm (Fig 28 2) 
Numerous of the short rods 
contain granules m each end 
which gives them a typical bi- 
polar appearance. The organ- 
ism IS easily but not heavily 
stained by the anilme dyes and 
nonsporeformmg, and does not 


stna CharaclerisUcs. Hus orgamsm .s a 

Hagan £„un?;^aTfca^‘'T"‘"" 

“ the presence of an- produces enough hydrogen peroxide 

behevos, honever that it. “thibition of growth. Bevendge 

due partly to the oxidation intolerance of the organism is 
sbght catalase formahon by^e ™ and partly to tbo 

neutralization of the peroxide Catalase causes the 

dantly m a medium which „ 'i c ? '’‘'danism grows most abun- 
botv. een pH 6 0 to 8 4 shtly alkaline, but growth occurs 

It IS difBcuIt to obUi 

piiorus, especially from skf culture of Spherophorus necro- 
account of bacterial contary, f” mucous membrane lesions, on 
f tamed from are more easily 

cutaneously with the necro^'”?* moculahng a rabbit suh- 
etelop wrthin a week and niatenaL Subcutaneous abscesses 
formed m the Incr The n isolated abscesses are 

abscesses usually m pure c,dT°^ ““ isolated from these 
found that hot me hver ahsej^ Hcldman, Hester, and Wherry 
^ere quite satisfactory sources 





of pure cultures. Necrotic material is transferred from the abscess 
to a number of tubes of Rosenow’s dextrose-brain broth. These 
tubes are incubated at 37°C. for several days, and from them shake- 
agar cultures are made. Isolated colonies in the shake culture are 
then transferred to tubes of dextrose-brain broth for cultivation. On 
serum agar, incubated under anaerobic conditions, the organism 
forms small, round, opaque, 
circular colonies quite similar 
to those of the streptococci 
(Fig. 28.3). In broth the or- 
ganism produces a uniform tur- 
bidity and the formation of a 
slight, fine, dirty-white sedi- 
ment. As the culture ages, the 
medium clears, and the sedi- 
ment increases in quantity and 
becomes darker in color. 

Resistance. The necro- 
phorus bacillus is killed in 15 
minutes by a temperature of 
55°C. It is not resistant to 
chemical disinfectants. Kelser 
reports that 4 per cent acetic 
acid is a satisfactory germicide 
and is of value m treating necrotic dermatitis m the horse, which is 
caused by the organism. 

It is difficult to maintain cultures of this organism on artificial 
media, and for that reason subcultures must be made at weekly 
intervals. The viability of this organism appears to be more pro- 
nounced in nature, for it persists in contaminated soil, and some 
believe that growth occurs under certain conditions. Beveridge 
sought to reveal the symbiotic action of aerobic organisms on the 
growth of Spherophorus necirtphorus in air. He found that the necro- 
phorus bacillus survived longer in the air when mixed with cultures 
of Staph, aureus and E. coli than when alone. This indicates that 
the organism is protected, at least from the action of oxygen, by the 
presence of aerobic bacteria and other substances which reduce 
oxygen tension. 

Biochemical Properties. Spherophorus necrophorus produces 
acid and gas from glucose, maltose, and glycerol. Slight fermenta- 
tion of lactose, galactose, fructose, arabinose, and mannitol has been 
reported by some investigators. It does not ferment xylose, rham- 
nose, mannose, raffinose, inulin, dulcitol, salicin, dextrin, erythritol, 
adonitol, sorbitol, inositol, or amygdalin. The organism is slightly 
proteolytic, causing the liquefaction of coagulated blood serum after 



flG. 26.2 — Spherophorus necrophon/s 
in $meor of Infected tissue, x 2,000. 
(From Nowok: Documento Microbio- 
(ogico, courtesy Gustav Fischer.) 
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ten days’ incubation, but it does not liquefy gelatin or coagulated 
egg albumin. It produces mdol but does not reduce nitrates It 
produces hydrogen sulphide, gives a negative reaction to the Voges- 
Proskauer and methyl red tests, reduces methylene blue, produces 
a shght reaction for catalase A small zone of beta hemolysis is 
formed around the colony on blood agar 

Antigenic Structure and 
Toxins. Because of the wide 
variety of nnima1.«; affected by 
this organism, the question of 
the antigemc relationships of 
various strains has been raised- 


' were antigemcally different 

^ from bovine strains, by the ag- 

glutmation test. Hamach’s 
/ study of horse, ox, and rabbit 
^ strains revealed that they were 
serologically identicaL In the 
study of ten bovine strains Or- 

coor,..y Go.„v ous Bkveridge grouped the 

two serological urouD. . 1 ,. orgaiusms mto 

Maciopus (kaneamo n "’“Pused of five bovine and one 

Macropus strains strain, and the second of three 

onUgonic hcterogcnct^i^ 'Vherry revealed a marked 

hovever, they found K hovme strains of the organism, 

m the blood sera of shp ^ relationship between the agglutinins 
opJiorus necrophonw horses, and adult cattle for Spher- 

edema exotoxin which produces an 

killed suspensions of iho ®*™ally m rabbits. Endotoxins and 
m the rabbit and guinea produce subcutaneous necrosis 

necroUc a^d "'"“pkorus is responsible for 

I" ell „£ Uie of species of aniinala. 

necrosis of tissue with ih t. ^ disease is characterized by a 
debris. The organisms do accumulation of ceUular 

hut m some cases metastasis localized lesion, 

inteninl organs, such as thr. “hscesscs are formed within 

product by Uns or™.^ “f the animals the condiUon 

tome instances othcrl^™^ “ necrobacillosis, however, m 

•ones are m common use 



Spherophorus ^Hi 


In horses Spherophorus necrophorus produces gangrenous 
dermatitis and necrotic processes about the lower extremities, 
known as “scratches.” Ulceration of the intestines and a secondary 
necrotic pneumonia have been reported. 

In cattle the organism has been recovered from numerous 
tissues of the body, but the most important condition is the necrosis 
in the mouth, larynx, and trachea of calves, commonly called “calf 
diphtheria.” It produces liver abscesses in cattle of all ages and has 
been isolated from lesions in the intestinal tract, uterus, vulva, 
udder, teats, lungs, joints, and feet, either alone or as a secondary 
invader to other bacteria and traumatisms. Jensen, Flint, and Griner 
have clearly demonstrated that liver abscesses in cattle and sheep 
may be produced by the intraportal inoculation of a culture of the 
organism. 

In sheep it is found in Up-and-leg ulceration, foot rot, necrotic 
hepatitis, necrotic vulvitis, and in a condition originating as necrosis 
of the ears due to fagopyrism. 

In goats this bacillus has been isolated from ulcerative stomatitis 
and in reindeer from foot lesions. 

In pigs Spherophorus necrophorus is found in the intestinal 
lesions of enteritis probably as a secondary invader, in necrosis 
around the nose and the teeth, and in stomatitis and pharyngitis. 

In fowls the organism has been reported as present in avian 
diphtheria as a secondary invader. Emmel has described an infection 
in young chickens in which necrotic lesions were present on the 
head. These lesions yielded an organism which had all the cultural 
characteristics of Spher. necrophorus. 

In rabbits it produces a natural infection characterized by 
necrotic ulcers about the lips and mouth and extending to the skin 
and subcutaneous tissues. 

Spherophorus necrophorus has been found in a variety of zoolog- 
ical animals including kangaroos, monkeys, antelopes, snakes, and 
tortoises. It has been reported as present in Australian kangaroos 
and wallabies by Beveridge. 

In man the organism has been found in a number of necrotic 
processes. Dack, Dragstedt, Johnson, and McCullough compared 
strains isolated from cases of ulcerative colitis with animal strains 
and found them so similar that they were all grouped as Bacterium 
necrophorum They found their strains were typical of an organism 
commonly called Bacterium junduliforme. 

The rabbit is particularly susceptible to ejqjerimental inocula- 
tion with SpheropJiorus necrophorus, especially to the infected 
tissues of animals. On subcutaneous inoculation the tissue around 
the point of injection becomes necrotic, and the process progres- 
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sively spreads until the s kin and adjoining muscle tissue become 
involved The animal becomes emaciated and usually dies within a 
week On mtravenous moculation, necrotic abscesses are formed 
throughout the body, the anim al becomes emaciated and dies withm 
a week or is destroyed before that tune Mice are susceptible, and 
the same type of lesion is produced Guinea pigs are somewhat 
resistant Abscesses form subsequent to subcutaneous inocula* 
tion, and necrosis of slun occurs The contents of the abscesses dis- 


charge and the lesions heal, but m some cases the infection spreads 
and the animal dies McCullough has reported that gumea pigs 
placed on a Vitamm C deficient ration until they were extremely 
scorbutic were more susceptible to Spherophorus necrophorus m- 
ection and that Vitamm C therapy produced prompt recovery m 
infected scorbutic gumea pigs 

Immumtj. Agglutinatmg antibodies are produced m anunals 
suffermg with an infection produced by this organism To what 
extent these antibodies protect the anunal against more serious and 
hrtri ^ known The presence of agglutmatmg anti- 

rpnn ! sheep, and swme has been 

«ported by Fel(^an Hester, and Wherry, however, they found 

Rnnt-a ° cattle having hepatic abscesses did not show an 

appreciable mcrease m agglutmm 

nnmunizing agents have not been produced for this 
experunentflf'^^7 that rabbits were not protected from 

locted sutcutaMously formalmized culture m- 

smce thp ma,t, i ^ c , to him, is not surprismg 

toxins of the orgmism S ° produced by endo- 

of bacterms mfn ti, Scnvner and Lee foxmd that the mjection 

of typical lesions 

substanSl evidraL^or^ert”* ‘''If “ necrotic tissue is 

quently as a secondary occurs so fee 

be sought Rabbit m i Pmnary cause should always 

diagnosis The nre^spn^^ ^ ^ sometimes essential for definite 

animals is not concirl ° ^gglutmms m the blood serum of 
tbe pre^ence for the diagnosis of 

priorus sions produced by SpbcropbcMTxs necro- 
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The Genus Listeria 


Students of veterinary bacteriology are apt to believe that all 
of the microorganisms of any consequence m animal diseases ^vere 
discovered pnor to 1910 and, moreover, that all of them have been 
isolated ^d described It is true that the first quarter century of 
me Me of bacteriology, beginning about 1880, represented the "hey- 
ay of bacterial discovery The organism desenbed m this chapter, 
owever, is evidence that all of the ebologic agents of disease were 
not discovered m the last part of the past century, which leads one 
exploMd^^ bacteriological research remam un- 

fnr rWU? organisms, or rather this species of an organism. 

ZuUgZ.TT recognized, is composed of smaU. 

grow freplw which are aerobic to microaerophihc. 

number of media, ferment carbohydrates, and m a 

a^r^d L ^ wh4 IS Char- 

onocytosis, this species is Listena monocytogenes 

Listeria monocytogenes 

working i" Murray, Webb, and Swarm, 

erahzed mfection obar organism which produced a gen- 

tosis m rabbits an<l onzed by a marked mononuclear leucocy- 
organism as one wMThar^ 

cause of the effort « described previously and be- 

Boct^um monocytogen™''"”^*^^'^ corned the name 

the cause of a EeneMl^°^*^ ^^ca, observed that an organism was 
« wlHch tocaf - “T'S- River D.ease,” 

the gerbille, a small railTt- pronounced lesion m 

He could find no other ^ bvmg m burrows m the ground 

isolated nor could he finr! “^organism similar to the one he 

consequently, he sueee^f^/ suitable genus m which to classify it: 

a new genus for the organism in honor 
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of Lord Lister and formed the name Listerella hepatolytica. He 
called attention to the similarity of his organism to the one isolated 
by Murray, Webb, and Swann and suggested that if they were 
identical the name Listerella monocytogenes be used. The name 
Listerella monocytogenes was used in Bergey's Manual in 1934. In 
1937 Gill isolated the organism from sheep and suggested the name 
Listerella ouis. 

The name Listerella has been used for other genera of plant 
life; consequently, Pirie suggested that the name Listeria would be 
more appropriate. In the 1948 edition of Bergey's Manual the genus 
name Listeria is adopted. This change automatically changes the 
name of the disease from listerellosis to listeriosis. 

Dbtribution and Transmission. Listeria monocytogenes is 
found %videly distributed in a number of different hosts in which it 
produces various types of diseases which are collectively called 
Listeriosis. In addition to the animals previously mentioned, the 
organism has been isolated from the following: 

Sheep; Gill, 1931, 1933, 1937, in New Zealand; Ten Broeck, 
1935, in New Jersey; Olafson, 1936, in New York; 
Jimgherr, 1937, in Connecticut; Graham, Dunlap, 
and Brandly, 1938, in Illinois; Biester and Schwarte, 
1939, in Iowa; Paterson, 1939, in England. 

Cattle: Jones and Little, 1934, in New Jersey; Fincher, 1935, 

in New York; Olafson, 1936, in New York; Graham, 
Dunlap, and Brandly, 1938, in Illinois; Biester and 
Schwarte, 1938, 1941, in Iowa. 

Chickens: Ten Broeck, 1932, in New Jersey; Seastone, 1935, in 
New Jersey; Paterson, 1937, in England. 

Swine: Biester and Schwarte, 1939, in Iowa. 

Foxes: Cromwell, Sweebe, and Camp, 1939, in Illinois. 

Chinchillas: Shalkop, 1950, in Washington, D. C. 

Ferrets: Morris and Norman, 1950, in Washington, D. C. 

Raccoons: Gifford and Jungherr, 1950, in Connecticut. 

Horses: Grini, 1943, in Norway; Krage, 1944, in Germany; 

Belin, 1947, in France; Svenkerud, 1948, in Norway. 

Man: Bum, 1934, 1935. 1935, in Connecticut; Schultz, 

Terry, Brice, and Gebhardt, 1934, in California; 
Gibson, 1935, in Scotland; Carey, 1936, in Massa- 
chusetts; Macgregor and Wright, 1938, in Scotland; 
Pons and Julianelle, 1939. 
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The methods by which this organism is transmitted are un- 
known Gill suggests that the larvae of Oestrus otis, the “nasal 
bot of sheep may be a means by which the organism is transmitted 
among that species of animal To what extent it is transmitted from 
one animal species to another is not known Some human cases 
ha\o revealed contact with sick animals, mdicates some degree 
of contagiousness and emphasizes the importance of the pubhc 
health aspect of the disease 



Listeria 


453 


In another publication, Gray et al found that the addition of 
0.05 per cent potassium tellurite to tryptose agar was useful in isolat- 
ing L. monoajtogenes. This chemical inhibits the growth of most 
Gram-negative bacteria. Listeria colonies appear black with a green 
color at the periphery; micrococci are pinkish-yellow at the periph- 
ery and intensely black at the center; streptococci are small, pink- 
ish-gray in color, with a dull 
surface. 

On solid agar media, 
colonies of the organism are 
circular, smooth, and trans- 
parent; by reflected light they 
are gray in color. 

In broth a slight turbidity 
is developed, and a fairly 
heavy granular sediment is 
formed. 

On a semisolid medium 
the organism forms minute 
colonies surrounding the Ime 
of inoculation. In some cul- 
tures a clouding of the medi- 
um extends from the stab line 
(Fig. 29.2). 

Resistance. The organism 
is destroyed by 58° to 59°C. 
in 10 minutes. It is easily 
killed by the usual disinfec- 
tants. 

Biochemical Properties. 

Listeria ?7ionocyfogenes pro- 
duces acid from glucose, 
rhamnose, and salicin within 
24 hours after inoculation: 
produces acid in sucrose, maltose, lactose, glycerol, starch, and 
dextrin in seven to twelve days; is slow and somewhat variable 
in the fermentation of galactose, trehalose, sorbitol, and xylose. 
Jungherr, Paterson, and Peterson all reported the fermentation of 
fructose, but Bum obtained negative results with human strains. 
All of the investigators reported the absence of fermentation of 
mannitol, dulcitol, inulin, inositol, and arabinose. The organism 
does not produce indol, does not reduce nitrates or form H 2 S. It does 
not liquefy gelatin. Litmus milk is decolorized, and a slight amount of 



FIG. 29.2 — Listeria monocytogenes cul- 
ture in semisolid medium. (From Sea- 
stone, courtesy Journal Experimental 
Medicine.) 
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acid IS formed, but the medium is not coagulated The organism 
produces beta type hemolysis on blood agar 

Antigemc Structure and Toxins. The limited amount of mves- 
tigation of the antigenic structure of strains of this organism from 
various sources mdicates that they are somewhat antigenically het- 
erogenous although a group relationship appears to exist In a stuay 
of the flagellar antigens of twenty-seven different strains of Lister- 
ella, Paterson concluded that they possess a common antigen and, 
in addition that there are other antigens by which the organisms 
can be divided into three mam groups, and possibly four, none of 
which adhere to any animal species groupmg The organism does 
not produce exotoxm 

Pathogemcity. Listena monocytogenes is capable of produc- 
ing natural infection m rabbits, gumea pigs, gerbiHes, chickens, 
sheep, goats, cattle, foxes, swme, chmchillas, ferrets, raccoons, 
horses, and man. 


The disease m all species of ani m al;; is somewhat varied as to 
type of tissue involved, but the underlymg characteristics of the dis- 
ease in all animals is a mononuclear leucocytosis In the rabbit, chin- 
chilla, guinea pig, and gerbiUe, liver necrosis is a pronounced lesion 
In the sheep, ox, and pig, lesions are confined to the central nervous 
system where a marked memngilis is produced, and monocytic infil- 
tration with localization is apparent Graham and associates have re- 
porled findmg the organism m an aborted bovine fetus In the 
chicken, the organism causes an extensive necrosis of the myocar- 
dium The report of the organism from the fox was not conclusive 
concerning the etiological relaUonship to an acute, distemper-like 
ec on w ich was present m the young animals It was isolated 

were observed 
organism is harbored m 
XnTes o'i r distemper studies 

with lim« ’"‘^ooytogcnes appeared m the cultures moculated 
the orcanism ^ tissues from distemper infected ferrets That 
encephalitu; e present m swine without causmg symptoms of 

X uola^^d ^ and^ffierland 

cholera. Bolin ^ hver, spleen, and kidney of a case of hog 

culturing of Ii\Gr tis_''^ isolated the orgamsm durmg the routine 
Th^ °rEa„.3m has bean 

mental inoculati’o^ -ae T'^ susceptible to expen- 

Posl-mortem ex^mS^l ”"“'f »‘thtn 48 hours and 

Gray and co-workers ‘TOtcal lesions of liver necrosis 

rabbits by ocular and oral abortion is produced m 

cular and oral moculauon with I, monocjtogcnes 
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Immunity. Information concerning the immunity produced by 
this organism is not available Olafson found that some sheep can 
be immumzed to withstand subsequent injections of the organism, 
but just as many remain unprotected after the injection of 2 5 cc 
of broth cultures two or three times a week for six weeks The 
disease is so sporadic that wholesale immumzation of flocks and 
herds is not indicated at the present time In their experimental 
study of listeriosis, Olson, Cook, and Blore found that sheep were 
definitely more resistant after havmg received one mjection of L 
monocytogenes 

Diagnosis. The conditions which are produced by Listena 
monocytogenes may be confused symptomatically with a number 
of diseases, consequently, the only certam method of diagnosis is 
the isolation and identification of the organism 
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The Genus Bacillus 


The organisms which belong to the group of aerobic, spore- 
bearing bacilli are cylindrical, usually flagellated, grow in chains, 
and produce large, irregular colonies on solid media. Practically 
all of the species liquefy gelatin. Only one species. Bacillus 
antkracis, is pathogenic. 

The aerobic bacilli are probably the most common type of 
microorganism in existence. They are found in the soil and on 
decaying vegetation where they are most active in bringing about 
the decomposition of organic substances, particularly those changes 
grouped together under the term ammoniflcation. They are, there- 
fore, of great importance in the maintenance of soil fertility. Be- 
cause of the resistance of the spores to high temperatures and 
desiccation, these organisms are among those which most frequently 
contaminate culture media in the laboratory. 

The various species are differentiated from each other by the 
size, shape, and position of the spores, the tendency to chain forma- 
tion, motility, by differences in cultural and physiologic charac- 
teristics, and in pathogenicity. Bacillus anthracis can be separated, 
with certainty, from some of the common saprophytic soil species 
only by animal inoculation, by physiologic and serologic tests, or by 
careful observation of colony characteristics. 

While it is true that the only definite pathogenic species is 
Bacillus anthracis, there are a few other species which have been 
known to produce pathologic conditions. Bacillus subtilis may cause 
iridocyclitis and panophthalmitis, and has been known to produce 
a fatal septicemia. It has been isolated in pure culture from liver and 
mandibular abscesses in cattle and sheep. Bacillus megatherium is 
capable of producing death in guinea pigs by virtue of a potent hemo- 
lysin which it liberates. Pseudoanthrax bacilli which are able to kill 
mice and guinea pigs, when used in large doses, also have been 
described. Tlie exact identity of such bacilli is unknown, but many 
of these bacteria are confused with the anthrax bacillus. Topley and 

[ 457 ] 
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Wilson enumerate the criteria which may be used to differentiate 
anthrax bacilh from pseudoanthrax bacilli as follows 


B anthracis 

1 Nonmotile 

2 Capsulated 

3 Grows m long chams 

4 No turbidity m broth 

5 Inverted fir-tree in gelatm 


6 Precipitm reaction strongly 

positive 

7 Pathogenic for laboratory 

animals 

8 Liquefaction of gelatin slow 


Pseudoanthrax bacilli 
Generally motile 
Noncapsulated 
Grows m short chains 
Frequent turbidity in broth 
Fir tree growth absent or 
atypical 

Precipitin reaction weakly 
positive 

Nonpathogenic for labora 
tory animals 

Liquefaction of gelatin rapid 


m 1 “ veterinary bactenology may study B stibUlts 

laboratory smceB subtdis is not patho 
gome to man The virulence of B ontfcram to man makes the study 
T,'"' groups an unnecessary risk BaoiKus 

^ It wd Z , " general characteristics of bacdli, 

species describT" j ““P'®'® description The only other 

species described in detad will be B anthracis 

Bcrci/fus subfifis 

EhrenbTrg^^Vi“TOsubW«mW3S^^ 

hay bacillus ’ ^ commonly known as the 

sod, hence u™ oT to found in the 

andnonu^Itram^rfefjS^'™ 

hlorphology and String ?he' orT a 1 

rods, Iq m diameter bv 3 i„ s* occur as cylmdncal 

nith rounded ends smclv nrl’”!!'" ^''^‘Sht or shghtly curved, 
Pentnchic flagella’ Smv 'Pains They are actively motile by 
sporangium quickly centrally located The 

germinate laterallv Th sffer the spore is formed Spores 

cultured on any nutnonf j ^ractenstics B subtilts is easily 
™all, grayish amoeboid wuh''"" colonies on agar are 

The surface is finely cranitlc. margm and a curly edge 

slightly sticky, and is emuU fi growth is membranous 

which usually sinks iMlhm^fp'"* A thick rmg pellicle 

sw iris from the bottom of tli ^orms on broth. The pellicle 

^ rapidly rotated On noiat ^ twisted cone when the tube 

potato a Imcunant warty, gray growth forms, 
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which becomes pink with vesicles over the surface as the culture 
ages. 

Resistance. The bacillus is extremely resistant to heat by virtue 
of the spores. Boiling kills it in 2 hours, or death may be brought 
about at 120°C. in 15 minutes. Spores remain viable for years in 
the dry state. Ordinary chemical disinfectants kill by prolonged 
contact. 

Biochemical Properties. Acid is formed from glucose, sucrose, 
and maltose; indol is not formed; nitrates are reduced; H 2 S is pro- 
duced slightly. The organism is M. R. negative and V. P. positive. 
It reduces methylene blue; coagulates litmus milk which is then 
slowly peptonized from the top downward; forms NH 3 ; liquefies 
blood serum slowly. 

Antigenic Structure. Nothing definite is known concerning the 
antigenic structure, and no toxins are produced. 

The production of the antibiotic, subtiUn, by this organism is 
discussed in the chapter on antibiotics. The action of a substance 
in the filtrate of cultures of B. suhtilis against the toxin of C. dtp7i- 
tlieriae was observed by Ramon and Richou. A similar but less 
marked effect was noted against dost tetani and Clost. welchii 
toxins. 

Bacillus aniftracis 

History. Rayer and his assistant Davaine in 1850 were the first 
to observe nonmotile, filiform bodies in the blood of animals having 
died of anthrax. Pollender, however, reported in 1855 that he had 
observed rodlike cells as early as 1849 in the blood of cows having 
died of anthrax. Brauell, in 1857-58, reported the transmission of 
anthrax from man to a sheep in which he found small, motionless 
organisms after death. In 1859 Fuchs claimed to have seen “Vib- 
rions” in the blood of animals as early as 1842. Delafond, 1860, 
found small bodies in the blood of nximerous animals which had 
died of anthrax and in animals which had been artificially infected. 

In a series of studies between the years 1863-1868, Davaine 
definitely established the presence of filiform bodies in the blood 
of animals which had died of anthrax. He gave the name “bacterides” 
to these bodies and found he could produce the disease in rabbits. 
He observed the bodies in man having “malignant pustule” and he 
killed guinea pigs by injecting the “bacterides.” Tiegel in 1871, 
and Pasteur and Joubert in 1877, showed that anthrax was caused 
by the small “bacterides” of Davaine because filtrates from which 
the organisms had been removed did not produce disease. Absolute 
proof of the etiology of anthrax was established by Koch in 1876-77 
when ho cultured Bacillus anthracis and reproduced the disease in 
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animals by mjectmg suspensions of the organism He proved his 
postulates by isolatmg the organism from the infected animal 

Contributions to the immumty of anthrax were made in 1880 
by Chauveau and in the same year by Toussaint Final and un- 
doubted proof of the value of vaccmation, however, resulted from 
the famous experiments of Pasteur at Pouilly-le-Fort in 1881. 


Distribution and Transmission. 



Anthrax is found all over the 
world It IS particularly preva- 
lent m countries where no or- 
ganized control of animal dis- 
eases exists India, China, 
Asia, Siberia, Russia, Northern 
Africa, some parts of South 
America, and Mexico have 
anthrax as a major hvestock 
problem Germany, France, 
Italy, Great Britain, and the 
United States keep the disease 
well under control, however, 
in the Umted States anthrax is 
found in certain areas The 


FIG 30 1 - Bacillus anthracis impres Mississippi and Missouri nver 

X". ‘cXy.'TjOOo’tem N 

Oocum.nta Microb.oIogicQ, courtly anthrax is a problem 

GyicFocher) The disease has spread from 

over ttip < 501 , * 1 , i. lower Mississippi regioa 

tions reoort ra numerous sporadic cases occur. Other sec- 

anttra“ aT " 

ease appeared m aw ^ ^ states Numerous cases of the dis- 
and 1952 These isolated” "J'ddle western states durmg 1951 
which Had hee„\dtf^“jl::,f 

water InSrf'^^tu mfected feeds, and by 

taken from such land has been aontammated for years Hay 

spores of the organism are s.SL'u't'™ ‘"‘‘““‘I *a disease The 
contaminated ground Tann ^ 'water which has flooded over 
<^enng plants, and fertilize*”^ 'wool-sortmg establishments, ren- 
as sources of anthrax if have also been incriminated 

^ Carnivorous Sa^I uls by stream flow 

feeding on dead carcass^?’ contract anthrax 

“dcerton has reported the disease 
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in mink which had been fed horse meat. Birds spread the infection 
by carrying bits of flesh or by eating infected meat and eliminating 
the spores in their feces. Blood-sucking flies have been incriminated 
in the spread of the organism among animals and in some cases horn 
animals to man. Stiles has isolated the organism from colonies of 
spinose ear ticks {Omithodorus megnini) which were attached to 
the ear of a cow dead with anthrax, thus indicating that tides may 
be a vector of the organism. 

Man contracts the disease 
by contact with infected ani- 
mals, by handling infected 
hides, by sorting wool, from 
shaving brushes, and from con- 
taminated furs and hair cush- 
ions. 

Morphology and Staining. 

The bacilli are cylindrical rods, 

1 to X.2\i in diameter by 3 to 
8^ in length (Fig, 30.1). The 
capsule is demonstrated by 
suitable stains, such as Rabiger 
(Fig. 30.2) . Spores are ellip- FIG. 30.2 - Bo«lllt/s anihmeis In smear 
soidal, situated centr^ly in the 

ceil, and are 0.7 to 0.o(X by l.a^t crobioiogica, courtesy Gustav Fischer.) 
in size (Fig. 30.3). They are 

not formed in the animal body. Spores germinate at the pole. 
Young cells are Gram-positive, but old cells may decolorize easily. 

Growth Requirements and Characteristics. Bacillus anthracis 
grows readily on meat infusion agar and is isolated easily from the 
blood or internal organs of an infected animal; it is aerobic, and the 
optimum temperature for growth is 37°C. A slightly alkaline 
medium, pH 7.5 to 7.8, is most conducive to good growth. 

On the agar surface, colonies appear dull, opaque, grayish- 
white, with an irregular border from which long strands of cells 
ore seen in parallel arrangement, giving the typical “medusa head" 
characteristic (Fig. 30.4) . As the colony ages, “vesicles" may 
appear on the surface, giving it a contoured appearance. Broth is 
turbid with a fioccular growth on the surface which sinks to the 
bottom of the tube within 24 hours. A thick, creamy growth occurs 
on potato; this growth later becomes granular, giving a mealy ap- 
pearance. In a gelatin stab culture, filaments of growth radiate from 
the line of puncture and give the appearance of an inverted fir tree. 

Aging and other treatment of stock laboratory cultures pro- 
duce variants of different types. Pasteur was the first to note the 
loss of spore formation by exposure to 42°C. Chamberland and 
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Roux observed that asporogenous strams could be produced by 
contact with phenol, 1 800, and potassium bichromate, 1 2,000 
Bormans reported that a permanent asporogenous type can be pro- 
duced by growing the organism repeatedly in sheep, calf, horse, or 
dog sera The organism loses its capsule when grown on artificial 
media This loss causes colony variation Contrary to the usual type 
of variation, rough (R) is nor- 
mal and virulent, whereas 
smooth (S) IS avirulcnt 

Resistance. The vegetative 
cells of B antJiracis are not 
more resistant than similar 
colls of other bacteria, how- 
ever, spores which arc resistant 
are rapidly formed by this or- 
ganism disinfection 

against anthrax must assume 






•>» 




r • ’ 

J 


V 'v" 


that the organism is m 


the 


spore state Spores will remam 
viable for years and will be as 
FIG 30 3-B<.<.liu. „„ ,id virulent as the culture wM 

V showing mony »poret proved to bo when originally 

Mjcrob.olog eoT Gustov*"?? *^^*^ted Pasteur showed that 

spores remamed viable m a 
p buried carcass for 12 years 

veaS Bvnnmated after 15 tu 24 

becomt. mf Instances are reported where ammals 

diseasp ^ years after the original cases of the 

snores mav hides not treated sufficiently to kiH 

spores may remain infective for years 

® “’“'■’■“V"' “> the tissues of artificially infected 

has teen reeorded by T^T 

lea^t wtZ Re™““ 

may lull vegetative cS/t -72'>C , and thawing, 37 5»C , 

suspensions were viable for d 

-70"C and for nine to ten *° 

5®tolO°C Blnnri « either —5® to — 6®C or at 

at room temperature we’^rTsS'^v'^T 

author (Merchant^ htac, f j ^ virulent up to nme years The 
isolated from a field casein cultures of B nntfiracis 

Stored m the dark at mnn, * sealed with paraffin and 

of 25 years mperature, to be virulent at the end 
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In testing the resistance of anthrax spores to heat, Stein and 
Rogers (1945) tested 43 strains. All of these strains were killed 
by vigorous boiling within 3-5 minutes. Spores from 31 strains 
were killed in 5-15 minutes at 100°-101°C. in the steam sterilizer, 
but at 90°-91°C. only 6 out of 12 strains were destroyed in 60 
minutes. In the autoclave, at 120°C., all of the 31 strains tested were 
destroyed in 5-15 minutes. In- 
sistence that cultures of B. 
antkracis must not be steril- 
ized in an open vessel or glass 
tube is supported by the work 
of Stein and Rogers (1946) 
who found that viable spores 
escape with the steam from 
such cultures. 

The report of Saltys is of 
considerable importance to 
those engaged in laboratory 
studies of B, anthracis. Saltys 
observed that spores of the or- 
ganism in films on slides may 
withstand the temperature of 
the Bunsen flame for 5-6 
seconds; that none of the 
common staining methods destroy all spores; that mercuric chloride 
1; 1,000 killed spores on slides in 5 minutes and did not alter the 
smear whereas a saturated solution of potassium permanganate 
ruined the smear for observation purposes. In view of these results 
it appears prudent to treat smears of B. anthracis with mercuric 
chloride 1:1,000 for 5 minutes and then proceed with the desired 
staining technic. Mercuric chloride 1:1.000 is more effective as 
a disinfectant when hydrochloric acid, 0.5 per cent, is added. 

Ten per cent formalin at 40®C. will kill anthrax spores in 
15 minutes, but when this chemical is used at lower temperatures 
more time must be allowed for disinfection. Freshly prepared 
sodium hydroxide in a 5 per cent solution is a satisfactory agent 
for disinfecting objects contaminated by the spores of this organism. 

Biochoniical Properties. B. anthracis forms acid but no gas 
from glucose, sucrose, maltose, fructose, trehalose, and dextrin. 
Some strains produce slight acid in glycerol and salicin. There is 
uo fermentation of lactose, galactose, arabinose, rhamnoso, man- 
nose, raffmoso, inulin, mannitol, duJcitol, sorbitol, inositol, and 
adonilol Indol and H*S are not produced; nitrates are reduced 
to nitrites; NHa is produced. Methylene blue is reduced by some 
of the more virulent strains, and some strains hemolizc sheep 



FIG. 30.4 — Bocillus anthracis, edge of 
agar plate colony, X210. (From No- 
wak: Documento Microblologico, cour- 
tesy Gustav Fischer.) 
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blood The organism is MR positive and VP variable Litmus 
lAilk IS coagulated, decolorized, and slowly peptonized 

Antigemc Structure and Toxins There appears to be two 
antigenic substances m B anthracis One protein-like material is 
found m the capsule, and the other is a somatic polysaccharide anti- 
gen Both antigens act specifically with precipitatmg sera No 
antigemc groups have been reported for the organism Workers m 
Germany have reported the purification of anthrax capsular anti- 
gens 


In a series of studies on the nature of the infection produced 
y B anthracis, Cromartie, Bloom, Watson, and associates have 
contributed significant mformation which is of aid m understandmg 
the disease Two substances are present m crude extracts of lesions 
produced by the organism, one an mflammatory factor capable 
o amagmg tissue and the other a protective antigen responsible 
tor Its immunizing property The tissue-damaging factor is callable 
clottmg mechanism and inhibits an 
® substance produced by leucocytes and other cells A 
distmbance m carbohydrate metabolism was observed m experi- 
cemia ° “ fabbits produemg a state of hypergly- 

sWed lb f in ““Od of '■otbtts fatally infected 

tWblnld ,wif ooo'oined large numbers of bacilb m 

few baciUi m tb^ death- Some animals died with relatively 

obstmctlS ‘o disprove the mechanical 

~ riTi'tSrL^ 

intermediate ^tigen migrates m an mvisible component 

by heatmg at 57®^ f ^ globulins, it is destroyed 

destroyed bv foTTriesi ^ nunutes and by trypsm, it os not 

IS stable m the Ivonh 1 concentration of 1 0 per cent and 

but fracUonation with has not been purified, 

concentration The efficaev of^flT suggests a method of 

munity m rabbits sh ^ antigen m mducmg active im 

The rabbit is orotertoJ^’ P'Es, hamsters, and mice varies 

more than other animi^^^ ohaUenge doses of anthrax spores 
hyperimmune rabbit sen ® Protective antibodies present m 
antibody concerned m tu *** ^ show any relationship to the 
tests ® precipitation and complement fixation 

the body of both lumMe'md" anthrax baciUi from 

presence of an anthracdal explamed by the 

appears to be a basic nolo™ . “ leucocytes This substance 

^fd from the IhymL St’ -d can be pre- 

protect mice against lethal dois°oft^util£edS 



The results of the investigators, briefly described, substantiate 
the kno\vn facts concerning anthrax The presence of edema aifd 
hemorrhage makes it evident that a tissue-damaging factor oper- 
ates m the disease, but the effect of this specific substance upon 
leucocytes and their extracts explains why the mfection progresses 
so rapidly m the highly susceptible animal That the tissue-damag- 
ing factor and anthracidal factoi m leucocytes are two contendmg 
forces m the disease appears evident In those species of animals 
which are more resistant to anthrax the anthracidal factor in 
leucocytes appears to be m greater concentration, because the 
bacilh do develop in these species, but the capsule is soon lost 
and the bacilli dismtegrate The protective antigen appears to 
stimulate the production of a substance which does not allow the 
capsule to develop on the bacilh, but this substance does not seem 
to be alhed with the antibody employed, or at least the usual 
effects noted, in the precipitation and complement fixation tests 
Obviously, these studies should be continued and relationships 
noted to the various products of bacteria which are known to 
explam the different tissue reactions to infectious agents 

Pathogenicity. BactllxLS anthracts is pathogemc for cattle, sheep 
(except Algerian) , horses, mules, swme, dogs, and cats Anthrax 
appears as a septicemia m the first four species of animals m an 
apoplectic form, an acute form, and in a subacute form Massive 
hemorrhagic swelhngs may be present in the subacute type but 
are not so common in the apoplectic and acute types In swme the 
disease is manifested by an acute pharyngitis with extensive swell- 
ing and hemorrhage of the throat region Anthrax m dogs and cats 
is similar to that m hogs with the exception of a severe gastro- 
enteritis The disease is rare in these animals, but cases have been 
reported 

On post-mortem examination anthrax is characterized by 
edematous mfiltrations in the subcutis, hemorrhages in various 
parts of the body, especially in serous membranes, marked 
swelling of the spleen, which is dark red and soft (raspberry-jam 
consistency) This characteristic spleen has given rise to the terms 
“splenic fever” and “milzbrand” (German) by which the disease 
is often known The blood is dark red, tarry, and does not clot, 
these facts have led the French to call the disease “charbon ” 
Hemorrhage is often observed from the natural body openings, this 
IS of sanitary significance, for such pools of blood leave countless 
numbers of bacilli m the ground 

The type of anthrax m man usually depends on the avenue of 
infection Pulmonary anthrax, or wool-sorters’ disease, is contracted 
by the inhalation of anthrax spores The disease runs its course 
as an atypical pneumonia and is usually fatal Cutaneous anthrax, 
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or malignant carbuncle, results from skm infection through 
scratches or other breaks m the skm The pustule starts as a small 
red pimple and gradually spreads, formmg a large s\velhng with a 
dark center surrounded by small vesicles Regional lymph nodes 
are swollen and painful If the organisms enter the blood stream, 
septicemia results Most cases of cutaneous anthrax recover 
Intestmal anthrax results from the eatmg of imcooked meats of an 
anthrax carcass and is extremely rare m civilized coimtnes 

Of the laboratory anim al^; the mouse is the most susceptible 
to B anthracis Gumea pigs are also highly susceptible and are 
universally used for diagnostic purposes Rabbits are less susceptible 
but do succumb Rats are more resistant than rabbits, and the white 
rat IS more so than gray or brown rats Some white rats hve for 
weeks before they die and some survive m spite of comparatively 
large injections of hvmg organisms Birds generally are resistant, 
however, sparrows and young pigeons have been infected 

Immunity Anthrax was one of the first diseases for which a 
defimte unmunity was produced by the use of bactena Chauveau, 
m 1879, noticed that sheep were more resistant after having sur 
vived a previous moculaUon of blood heated to 55°C from animals 
dead of anthrax Toussaint, m 1880, first attempted artificial im- 
munizaUon Pasteur with Chamberland and Roux, m 1881, proved 
that immumty did exist after usmg two vaccmes Vocctne I, attenu- 
ated by growmg at 42°C for 12 days kdled mice, but not gmnea 
Pgs or rabbits, Vaccine II, attenuated for a shorter time so it kiUed 
mice and guinea pigs but not rabbits or sheep 

Sobe^eim in 1904, unproved on Pasteur’s method by using 
m lSM '^‘‘'' 1 “° simultaneously with immune serum Cienkowsky 
of Vac* oye a simultaneous method but used spores instead 

*a7«t«L, I" 1925 Eichhom reported 

if a Dotent ct could be produced against anthrax 

and if an ‘>P“Uus was used m preparmg the vaccine 

vaceme was mj^ected 

with Pasteur Vaecme II af =‘P"dardized to compare 

serum, have been nsaj ’ hyperunmune anti anthrax 

mumsation. Ih cerj^ “I n"* ■“ 

appears to b, districts where the strain of B anthracis 

Vaceme ni’ and' of greater virulence, called 
immune serum aceme IV, are used simultaneously with 

Vacc^nrn'mavT^p^r''''''’^ attentuated to correspond to Pasteur 
against anthrax Kao crmally This method of vaccmalion 

skm m this disease vt virtue when the function of the 

^*urthermore, the skm is recog- 
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nized as tissue in which antibody is produced and it is so compact 
that the antigen is not quickly absorbed into the general circula- 
tion. Although the intradermal method of vaccination has merits, 
it has objectionable features, particularly the difficulty of making 
such an injection under field conditions into range animals. Sub- 
cutaneous and intramuscular methods of injection obviously are 
much easier to do. 

The development of a special vaccine known as “carbozoo” 
by Mazzucchi in 1931 introduced a new anthrax vaccine. This 
vaccine was of No. II potency to which saponin was added. This 
glucoside has the property of causing tissue irritation, producing 
local edema, hence delaying the absorption of the vaccine. In addi- 
tion to this reaction, Sterne of South Africa has observed that 
such an excipient as saponin or saturated sodium chloride decreases 
the virulence of virulent strains and increases the immunizing 
power of avirulent strains of anthrax bacilli. In many areas of 
the world saponized anthrax vaccme is used entirely. 

Anthrax bacterins are prepared by using young, non-sporu- 
lated cultures attenuated with formalin. The duration of immunity 
produced by the bacterin is not as long as with spore vaccine but its 
use is recommended in those areas which have not been contami- 
nated by successive outbreaks of anthrax. In many instances the 
promiscuous use of spore vaccines of too great potency has been 
actually found to cause endemic anthrax areas when such vaccines 
have been used without immune serum. In other instances too 
great reliance has been placed on spore vaccines alone. In some 
instances the spore vaccine has been too impotent to produce 
immunity, thus allowing natural outbreaks of the disease to occur. 

In 1935 Gochenour, Schoening, Stein, and Mohler of the 
U.S.B.A.I. conducted a comprehensive comparative study of the 
efficacy of various anthrax vaccines and anti-anthrax serum. Their 
results indicated that spore vaccine produced a more satisfactory 
immunity than the bacterin and that immune serum was highly 
efficacious for a few days but its protective power was soon lost. 

The use of capsule extracts and other purified antigenic frac- 
tions of B. anthracis appears to be promising according to IvMovics. 
The new gelose-alum vaccine of Ramon and Staub also indicates a 
new departure in the preparation of anthrax vaccme. 

Serum therapy in anthrax has been demonstrated to be depend- 
able. The exact nature of the protection, however, has not been as- 
certained. There are numerous evidences that it is not a bacterio- 
lytic effect. Precipitation of the two antigenic fractions of the bacil- 
lus is obtainable by the use of immune serum. The destruction of 
the microorganism is usually brought about by the phagocytes; so it 
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IS plausible that the leucocyte repcUmg” action of capsulaled B 
anthrocis is neutralized by precipitation which, at the same time, 
sensitizes the cells for more rapid engulfment by phagocytes 

Investigators of animal diseases m South Africa arc constantly 
confronted with anthrax hence have been most active in develop- 
mg satisfactory immunizmg agents for tlic disease The keeping 
quahties of the vacemes is one of their problems, for it usually 
must be transported long distances In 1937 Slcme described the 
isolation of non capsulatcd avirulcnt immunogenic variants from 
virulent strains of B antJiracts This investigator (1939) was able 
to produce an immunity with these strains m domestic animals that 
far surpasses the results obtained with the Pasteur type of spore 
vaceme Sutton (1947) described a special medium, tryptic digest 
of casern Brewer’s yeast extract buffered by phosphates whicli was 
of value in the mamtenance of the immunogenic capacity of the 
variant strain of B cnthrccis The value of this type of vaceme has 
been confirmed by Boor and Trcsselt 

Diagnosis In submitting material for anthrax diagnosis, great 
caution must bo exercised It is an unnecessary nsk to autopsy 
a carcass which has obviously died of anthrax In England such 
autopsies are forbidden by law Sendmg an car packed in a tight 
suitable contamer is a umversal pracUce, this method is satisfactory, 
but the practice of sendmg blood smears, cotton swabs, a small vial 
of blood, or tissue is preferable if sufficient cauUon is taken 
foUowng^^^ *^32^0=^ of anthrax may be obtamed by any of the 

1 Direct microscopic smears from the suspected material 

^ Inoculation of culture media 

3 Animal moculation, preferably a guinea pig or a mouse 

4 Precipitation test following the technic of Ascoh 
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The Genus Clostridium 


In this genus are placed those sporeforming rods which carry 
on their metabolic activities m an atmosphere devoid of oxygen, 
they are anaerobes By virtue of the resistant spore which they 
produce, the natural habitat of the majority of the species m this 
genus is the soil in which they are active as agents in soil fertility 
Some species are pathogenic to man and some to various animals 
in which they produce marked and distinct types of disease some 
cause disease by the action of potent cxotoxins produced either 
within or outside the arumal body 

The spores of all the anaerobic bacilli arc prevalent in the soil» 
consequently, the diseases which are caused by this gro'^P 
bacteria are often called the soil-bornc mfcctions This fact is best 
emphasized by the universal knowledge that the contamination of 
a wound by dirt may lead to tetanus or gas gangrene, both of which 
are caused by anaerobic bacilli 

The ^aerobic bacilli arc studied by specialized technic, the 
amental of which is the mamtenance of anaerobic condi 
Uons These methods have been listed and bnefiy discussed m the 
chapter on technics and methods and should be reviewed by the 
student at this time 

m o* ‘ho "growth accessory substances” 

hichartp**''°' oohwation of bactena has revealed that the anaero- 
per ceM t ^“’-/“oh.cally For example, the add.t.on of 0 023 

support the growth of anaerobes 

m sS,"mlurretr.°V!:’’ 

They are usuallv^ 4 to 1 2p m diameter by 3 to 8^ m length 
long, slender ro(k '’1'™’’ ends, but some are 
position of spores— centrar*'°w‘’“”‘‘ 1” ^ecies with a variable 
species are motile bv r, s“htcmunal, and termmal Most of the 

young cultures hut ar' eS’f”^ ” 

re easily decolorized when older Granulation 
K I 470 1 
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IS noted in the cells of some species, giving variations m the depth 
of staining 

On sohd media, the clostridia giow m thin, irregular colonies, 
but when the medium is moist, spreading occurs Great variation 
in colony size and shape exists under different conditions Fluid 
media are rendered uniformly tuibid In blood agar, hemolysis is 
first of the alpha type, which later develops mto the beta type 
Meat medium is reacted upon m two ways depending on the type 
of microorganism It is digested and turned black by proteolytic 
varieties, whereas the saccharolytic types do not digest it, but they 
do turn the meat pmk Both of the above types of clostridia are 
capable of producmg great quantities of gas in both protein and 
carbohydrate media The gas (CO 2 -H 2 ) ratio has been suggested 
by some workers as a means of differentiation 

Some of the common biochemical reactions of the Clostridia to 
be discussed m this chapter are given m Table 31 1 


TABLE 31 1 

Biochemical Reactions of the Important Clostridia 
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Type specificity among the clostridia apparently depends on 
both O and H antigens Some of the species, Clost chauvoei and 
Clost septicum, appear to be closely related Clost tctani and Clost 
hotuhnuvi produce the most potent bacterial toxin known, m fact, 
they are disease-producmg only by virtue of the toxin they generate 
The gas gangrene group also produces toxin, but it is of a less potent 
nature 

The clostridia produce a variety of diseases in a number of 
species of animals Tlie diseases are manifested m two general wajs, 
first, as an acute toxemia sucli as in botulism and tetanus where 
tissue dianges are insignificant, and second, as a gas edema whore 
edema is the general rule and gas foxmaUon is inconstant 

Antitoxin is prepared for use in immunizing against the toxin* 
producing species of anaerobes Bacterial filtrates and antiserums 
are available for the kss toxigenic types Immunity against tetanus, 
botulism, and blackleg is widely and successfully practiced 





ClostndiitTn hemolyticuTn 
Clostridium tetani 
Clostridium hotuhnum 
Clostniitum sordelln 
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Only those members of the genus which are of significance to 
animal diseases "Will be discussed There are many isolated and 
smgle reports of diseases produced by anaerobic, sporefonmng 
bacilh but the mclusion of all of them here is not feasible The 
species given m the foUowmg list will be described m some detail 

Clostridium cfiounoei 
Clostndtum septicum 
Clostndmm novyi 
Clostridium perjnngens 

C/osfridium c/iauvoei (fesert) 

SjTionyms and History BactUus chauvoei, Bacillus gangracnue 
emphysematosae, blackleg bacillus 

Blackleg was differenhated from anthrax and named 'charbon 
symptomatique by Chabert on the basis of clinical sjmiptoms and 
post mortem lesions Bollinger, m 1875, however, was the first 
to show that anthrax and blackleg had distmct etiologic agents This 
conclusion was confirmed by Feser m 1876 Significant contnbu 
dons were made to the hterature concerning blackleg by Arlomg 
Comevm and Thomas in 1887, which accounts for the fact that 
mey are often guen the credit for the discovery of the organism 
M ^L.1 contribute a great deal to the knowledge of 

blac^g Its cause and immumty, Roux is given the credit for being 
the fi«t to cultivate the organism on artificial media m 1887 bn 
proved methods for the cultivaUon of Clostndium chauvoet m pure 
cultuws were contributed by Kitasato m 1889 

chauuoet which has been used for this 
to ^ost exclusively smce its first isolation ha. been changed 

Lav Sf””* '“"1“ of Sergey's IVIanual by 

to desc^ ’’ooause Feser is considered to be the first 

Laes *>0™ foken for granted that the 

T' *■>' Comevm and Thomas, m 

te™ oTwLchZt 

teriology The name ““ purpose in hac 

with the hope to '"ff >== contmued m this teri 

reuimcd to lU nghtfid Manual it may be 

most parts of ft” ®’“okleg m cattle is found m 

In the United States th animal husbandry is v ell established. 

hemg more prevalent “'Or the praine states 

AUantic and southern mdf ™ others The eastern 

The disease is a t™c5“ “o *>0 f^e of the mfection 

entrance by the diresUve ^ mfecbon. The orgamsm gams 

gostive tract or through breaks m the skm It may 



' ‘'m o 

be artificially introduced by traumatisms of various sorts and has 
been found to follow shearing, docking, and castration in sheep. 

Morphology and Staining. Clostridium chauvoei is a rod 0.6^ 
in diameter by 3 to 8^i in length, with rounded ends, and occurs 
singly or in short chains, but long filaments are common (Fig. 31.1) . 
Swollen cells are often found, navicular and lemon shapes being 
most common. The spores of the organism are elongated, oval, 
subterminal or terminal, and wider than the cell, giving it a typical 
pear-shaped appearance. The bacillus is motile by means of peri- 
trichous flagella. The organism is Gram-positive but is easily de- 
colorized in parts of the cell. Some cells show granular material 
in one or both poles. This is most apparent when stained with 
methylene blue. It does not form a capsule. 

Growth Requirements and Characteristics. This organism is a 
strict anaerobe, and growth is improved by glucose and heart-meat 
infusion. Optimum temperature for growth is 37°C. The organism 
grows best in media which is slightly alkaline, although it has a 
rather wide pH range. It can be isolated in most instances in pure 
culture from deep muscle by seeding meat medium or brain medium. 

On agar plates the organism forms a small, irregular colony, 
effuse, transparent, finely granular in the center, but becoming 
almost invisible toward the periphery (Fig. 31.2). The edges of 
the colony resemble wisps of hair. The colony is bluish-gray by 
transmitted light. In a glucose-gelatin shake-culture, the colonies 
appear toward the bottom of the tube, each usually with its gas 
bubble, and surrounded by a liquefied area. These colonies show 
numerous radiating threads, or papillae, giving the appearance of 
a chestnut burr. The organism produces a uniform turbidity in 
bouillon, produces gas, and forms a flaky, white deposit. 

Resistance. The vegetative form of the organism is not resist- 
ant to heat or chemicals. In the spore form it is quite heat resist- 
ant, not being killed for 10 minutes at 120°C. The spores are re- 
sistant to desiccation, living in the soil for years. In dried, infected 
muscle the spores have remained virulent for eight years. Bichlor- 
ide of mercury, 1: 500, kills spores within 10 minutes. The spores 
are killed by 3 per cent formalin in 15 minutes. The coal-tar disin- 
fectants, in the strength in which they are used on infected premises, 
are effective and kill the spores readily. 

Biochemical Propcrlic.s. Clostridium chauvoei produces acid 
and gas from glucose, fructose, maltose, lactose, and sucrose but 
not from mannitol, glycerol, dulcitol, salicin, or inulin. It coagulates 
milk into a flocculcnt curd but does not peptonize this medium. 
The oiganism turns moat medium more pink; acidifies but does not 
blacken Hibler’s brain medium; produces a slight hemolysis on 
hor.sc-blood-agar plates; docs not produce indol; is M.R. negative 
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and VP negative, does not reduce nitrates, does not form NHj, 
produces HsS, does not reduce methylene blue, does not form cata- 
lase 


Antigenic Structure and Toxins. Clostridium chauvoet is sero- 
logically homogenous Differences m strains which some have 
found may have been due to the close relationship of this organism 
to dost septicum By agglu- 





tmation and complement fixa- 
tion tests, some antigemc re- 
lationships between Clost 
chfluuoei and Clost septicum 
have been observed, especially 
m the lower dilutions No an- 
tigemc fractions of the organ 
ism have been described. 

That a true exotoxm is 
produced by Clost chauvoet 
IS open to question. Some 
strains undoubtedly do pro- 
duce exotoxm, especially the 
more virulent ones Grassber- 
ger and Schattenfroh claim to 
have succeeded m producing 


toxin thoi .. broth cultures containing a 

toxin, will kill labor!,r ^ employed with diphthena 

produces toxm iin,t ' " ^ *>“ shown that Clost chauooei 

t^oxin when “"ditions A dose of 0 025-0 5 cc of 

symptoms and death wlthm^r'^ respiratory 

of the toxin into guinea pigs and'^ Subcutaneous mjection 

duced. It 13 quite hkclv Ihii is pro- 

but It IS not as notenf organism does produce exotoxm, 

Sas edema notbK cS“,‘ 

Clost noui/j * Clost perfnngens, and 
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edematous and 'hemorrhagic, and the muscles contain many gas 
bubbles. Gas is also found in the subcutaneous fascia over the 
infected area. 

Ryff and Lee have observed that the hamster is more susceptible 
to dost, chauvoei than the guinea pig, succumbing to one-fifth the 
lethal dose required for the guinea pig. 

Blackleg in cattle is char- 
acterized by a swelling, edema, 
and emphysema of the muscles 
and the subcutaneous tissues 
of the infected part. Infection 
occurs most commonly in the 
shoulder and hindquarters. 

The swelling increases rapidly 
in size, and the emphysema is 
soon detected by the crackling 
sound when the hand is drawn 
firmly across the affected part 

In sheep and deer the in- 
fection due to this organism 
usually follows traumatic in- 
juries. 

The organisms, along with 
other anaerobes, continue to 
grow after death, and the body becomes distended with gas. The sub- 
cutaneous tissues of the infected part are edematous, even gelati- 
nous, and are premeated with blood and gas bubbles. The underlying 
muscles are dark brown or even blackish, whence the name, black- 
leg. A very characteristic, sweetish-sour, pungent odor can be de- 
tected from the infected tissue. The disease usually results fatally 
in cattle in one to three days after the first appearance of the symp- 
toms. 

Immunity. Animals that have recovered from an attack of 
blackleg are immune during the remaining period of their lives. 
Very young cattle and aged cattle have a considerable degree of 
natural immunity. The reason for this immimity is not well under- 
stood; it probably is opsonic in nature in young animals, whereas in 
older cattle there is always the possibility that they have had a sub- 
infection. 

Active immunization by vaccination is extensively practiced, 
and blackleg is one of the diseases among animals for which im- 
munizing agents are of real value. Many methods of attenuation of 
the organism for the vaccine have been developed. The method 
of Arloing, Comevin, and Thomas has been modified by Preisz, 
by Kitt, and by Ndrgaard. The latter modification was used exten- 



FIG. 31.2 — Clostridium chouvoei col- 
ony on ogar plate, X 50. (From No- 
wak: Documenta Microblologlco, cour- 
tesy Gustov Fischer.) 
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sively m the United Stales and is essentially as follows Fresh 
material is secured by mashing the infected muscle in a mortar 
and squeezing the fluid through a Imcn cloth This is sprea 
thin layer and dried to a brown scale at a temperature 
This dried material retains its virulence for several years ® 
vaceme is prepared by mixing one part of this material with two 
parts of water and placing it m a hot*air oven containing a pan o 
water and heating to 93®-94®C for 6 hours This dries the 
and attenuates the organism This material is then pulverized an 
put in packages containing a defmitc number of doses Before use, 
one cubic centimeter of water tor each dose is added, and the ma 


terial is mixed and then filtered 

Blackleg aggrcssin is used extensively in blackleg immuniza- 
tion In 1912, Schobl showed that the edematous fluid taken from 
blackleg lesions, when made stcnic by filtration, possessed remark- 
able immunizing properties Following his method, Franklin an 
Haslam, m 1916, used aggrcssin on many thousands of cattle an 
found it highly efficient In preparing blackleg aggrcssin, young 
cattle are mjccted with 20 to 30 ml of virulent culture Following 
death, the fluid and tissue from the infected part arc carefully 
collected The muscle is pressed until all the fluid is removed A 
preservative is added, and all the fluid is then allowed to stand 
until most of the solid particles have settled The supernatant 
fluid IS then drawn oft, filtered first through paper pulp and then 
through a Berkefeld or other filter of medium porosity After suit- 
^le culture and gumea pig tests have been made, it is ready for use 
The usual dose for young animals is 5 cc Ryff and Lee believe that 
young animals should be given two injections of vaceme m order to 
produce secure immunity Blackleg vaceme is commonly combined 
with Pasteurella bacterm for young calves 

An artificial aggressm is prepared by growing Clost chauvoei 
m a meat-bouillon medium After several days’ incubation the fluid 
portion of the medium is collected, germ-free, by filtration A pre- 
^rvative is added to the medium, and after sterility tests have been 

Z thl f ^ 5 ive as satisfactory results 

as the natural aggressm 

Dared years a whole culture bacterm has been pr®' 

number of satisfactory results It has been shown by a 

P^ence ofar^"' ccp.pl.catBd by *= 

described the nr ° growth of both organisms is used Scheuber 
medium is fortifier]*^ with Clost chauvoei and meubated The 

thronghouMr;^^*.^^^," “ pH of 8 . maintame 

t the end of one week of incubation, th 



culture is seeded with Clost. septicum and incubated for 8-10 days. 
A 0.4 per cent formalin is added, the culture is shaken, and then is 
allowed to settle for 24 hours. The supernatant fluid is drawn off, 
incubated for a week, and then tested for sterility by inoculation 
into brain medium.” Breed has modified this technic by adding 
brain and a few more buffer salts to the liver medium. He also used 
a 1 per cent formalin for attenuation. His results with the mixed 
whole-culture bacterin are quite satisfactory. Rodrigues in Brazil 
has substantiated the value of formolized vaccine in producing im- 
munity. 

Immune serum is of aid in treating blackleg as well as produc- 
ing a passive immunity for a period of about two weeks. It is 
prepared by hyperimmimization of cattle with any of the above 
products. 

Diagnosis. The symptoms and the post-mortem findings of 
blackleg are so characteristic that a laboratory diagnosis is often 
unnecessary. The organism is usually found in smears made 
directly from the infected muscle. Intramuscular inoculation of 
suspensions of infected tissue into guinea pigs produces character- 
istic lesions from which the organism can be isolated in pure culture. 
The differentiation of Clost. chauvoei and Clost. septicum is often 
necessary. Clost. chauvoei is shorter, more plump, and more ovoid 
than Clost. septicum; the former grows singly whereas the latter 
frequently forms long chains. When injected subcutaneously into 
guinea pigs, Clost. chauvoei produces edema and gas in the injected 
area. 

Cfostridium sepf/cum 

Synonyms xmd History. Pasteur and Joubert were the first to 
describe this organism in 1877, giving it the name Vihrion sep- 
tique. Koch and Gaffky, in 1881, described it and originated the 
name Bacillus oedematis vtaligni. The organism has been called 
Clostridium oedematis maligni and Clostridium oedematis until 
recently, when there is a tendency to give the species name, septique, 
of Pasteur, the priority right after latinizing it to septicum. Clostrid- 
ium septicus is found in some of the literature. 

Distribution and Transmission. Clostridium septicum is widely 
distributed over the cartli and, conunon to other anaerobic bacilli, 
it is found in the soil. Certain areas arc more heavily contaminated 
than others, and it has been observed that certain premises may be 
infective for indefinite periods. The organism gains entrance into 
deeper tissues through cuts and abrasions of Uie skin. It may be 
unknowUngly injected into animals, and may gain entrance through 
die agency of various surgical procedures. Infection may follow 
castration in all susceptible animals. Docking and shearing sheep 
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are means by which that animal becomes infected Horses may 
become infected during operations m the field if aseptic technic is 
disregarded Cows can become mfttted during parturition, espe- 
cially when calf delnerj is attempted by uninformed herdsmen 
whose knowledge of obstetrics embraces only forcible dcli%ery 
Smee man is susceptible to the organism, care must bo taken m the 
autopsy of mfteted animals as well as infected human beings. It is 
one of the organisms of Uio gas-edema group found particularly 
during wartimes 

In sheep the organism is one of Uio causes of bradsot or braxy 


In such conditions the bacillus gams entrance llirough the mucous 
membrane of the abomasum duo to penetration by sharp objects. 

IMorphoIog> and Staimug. Clostndium sepMeum closely re- 
sembles Clostridium chautoct morphologically It is a cylmdrical 
rod 0 5ji by 2 to G}i in size, wnth 
rounded ends, and arranged 
singly, although it may be 
found m long chains and fila" 
ments especially from serous 
surfaces (Fig 313) Sporca 
arc oval, subtcrminal, 
slightly larger m diameter than 
the bacillus, giving "navicular 
or "snowshoe" shapes. It ts 
motile by means of 4-16 pen- 

« 1.._ 17 11 J-„.. jiot 



FIG 31 3 — Clortndigm tepiiegm tm 

r.v.V 11 »v.Jfocro'f he 


tnchic flagella It does . — 
produce a capsule The organ 
ism IS Gram positive, although 
some parts of the cell may be 
decolorized It docs not stain 
uniformly, and with methylene 
Kiii« 1 jn 


unuormiy, and with mcmyi'; 
one end or gotK j blue, granules are observed 

'•an of coll 


u, omn ends, or m one half of the cell 
cum Jan ^''“raotcnstics. Clostndiuin septt 

an opumum tempeSture rf’ IJoc" S 

room temperature Tho ,7 0, although fair growth occurs a 

™ ts unpVeaX 7 7 

Agar surface m the medium 


Agar surface 

ular, translucent and^lT* *'^^®Eular, effuse, finely gran- 

S and Rcolonie; hate 

amoeboid edge and the ^ ®^*^^hed Smooth colonies have an 

at the center Colonies ^ gray, bluish gray, and opaque 

i^escent, and floccose cultures are debcate, arbo- 

‘^eiatm shake colonies are large and floccose, 



with filaments later permeating the medium. A slight turbidity 
and a light, powdery sediment is formed in broth. 

Resistance. This organism is the same as those sporeforming 
bacilli which have been previously described. 

Biochemical Properties. Clostridium septicum produces acid 
and gas from glucose, fructose, galactose, maltose, lactose, and 
salicin, but not from sucrose (thus differing from Clost chauvoei) , 
mannitol, dulcitol, glycerol, or inulin. Milk is slowly acidified, coag- 
ulated, and slightly digested, and some gas is formed. Gelatin is 
slowly liquefied. Coagulated blood serum is not liquefied. Blood- 
agar plates show alpha hemolysis followed in a few days by the beta 
type. Cooked meat medium is turned pink; gas is produced 
but there is no digestion. Hib- 
ler’s brain medium is turned 

black. The organism is indol ' « , . v 

negative, NH 3 slight, HaS posi- ‘ 

tive, M. R. negative, and V. P. 
negative. Nitrates are reduced; 
methylene blue is not reduced; 
the catalase test is negative. 

Antigenic Structure and 
Toxins. Both 0 and H antigens 
for the organism have been 
described. On the basis of O 
antigen it can be divided into 
four distinct agglutinative 
groups. Each of these groups 
in turn is divided into sub- 
groups on the basis of H anti- 
gen. Some antigenic compo- 
nent is common to both Clost. septicum and Clost. chauvoei, because 
positive cross-agglutination and cross-complement-fixation tests are 
possible. 




£i^9 ^ 






FIG. 31.4 — Clostridium septicum agar 
colony, X 100. (From Nowok; Docu- 
menta Microbiologica, courtesy Gustav 
Fischer.) 


Exotoxin is produced by the organism. A 48-hour-old filtrate 
will produce death in guinea pigs within 30 minutes in doses as 
small as 0.5 ml. The exotoxin produced seems to be common to all 
four antigenic types. 

Pathogenicity. Experimentally, the organism produces disease 
in guinea pigs, rabbits, mice, and pigeons. Species which are natu- 
rally infected are man, horse, sheep, cow, and the pig. Dogs and 
cats are susceptible but rarely are infected. 

Mahgnant edema is usually an acute, febrile disease that termi- 
nates fatally in two or three days. In man it may be so acute that 
death occurs in 24 hours. 
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Gas may not be present in great quantities, allhougli some gas 
bubbles are always found Tlie edema is blood-stained and usually 
gelatmized Muscle underlying subcutaneous infection is dark red 
in color and soft in consistency Hemoglobin-stained fluid may b® 
found m the body cavities and in the pericardial sac. The action of 
the toxin of this bacillus on the circulation of the cat and rabbit has 
been described by Kcllaway, Retd, and Trethewie They found that 
toxin has a specific cardiac action causing a fall m systemic blood 
pressure and a rise in cardiac pressure, it has a direct action on the 
heart causing constriction of the coronary and pulmonary circula- 
tions, the latter more marked m the cat, leading to pulmonary edema 
In the rabbit, but not in the cat, there is an mitial peripheral \aso- 
con^iction, causmg a transient rise m systemic blood pressure 
In the cat, but not in the rabbit, injection of toxin into the vessels 
supp ymg the adrenals causes the liberation of adrenalin, possibly as 
a result of the preliminary liberation of histamine 

Clostndium septicum is one of the causes of braxy, a disease 
Which IS found m sheep on the western coast of Nor%vay, m Iceland, 
aiids, and Scotland In this disease the lesions arc con- 
Md .nW adjacent to the fourth stomach and the mucosa 

bv edpmi a Intense inflammaUon characterized 

ative chansfl ®™°”‘hage with some necrosis is noted Degener- 
ative changes are found m the visceral organs 

soundly recover from malignant edema are 

value ^ ^ “»«numzing agents is of httle practical 

preparation of u ^'^lahonship to blackleg, as weU as the 
viously and it ^ ^ culture bactenn, has been discussed pre- 
SCl unnecessary to repeat it at this place 

treatment IS of httle valu^^ diagnosed early Otherwise, 

the only sure "wav identification of the organism is 

inoculation is common!, mabgnant edema Guinea pig 

more susceptible to ClneA^ the orgamsm Rabbits are 

be used to distmeuish ti, s^pticum than to dost ciiauuoei and may 
value ^ organisms Serologic tests are of no 

C/osfridium novyi 

Synonyms and Hislorv T,,, 

Novy m 1894 and named B j “■'ganism was first described by 
the name B „ovyi m h.s U Migula ongmated 

plated and described bv « 1900 The organism was 

Bacillus oedematiens ^ Segum m 1915 and named 

Bergey’s Manual recognizes Ciost novy, as 
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valid. B. gigas of Zeissler and Raszfeld (1929) apparently is identical 
with this organism. Although ClosL oedematiens is given as the 
name of the organism by English and European bacteriologists, it 
would seem that dost, novyt has priority rights and for that reason 
will be used here. 

Distribution and Transmission. The organism appears to be 
rather widely spread throughout the world, but it is brought to 


attention in those areas where 
sheep are raised, especially 
those areas where the liver 
fluke is prevalent. The organ- 
ism has been found in Montana 
by Marsh. In Colorado, New- 
som, Cross, and Dobbins found 
it twice in the examination of 
200 spleens of normal and dis- 
eased sheep. Shaw, Muth, and 
Seghetti have found the organ- 
ism of considerable significance 
in Oregon. It is prevalent in 
Australia, where Turner has 
contributed much valuable 
data concerning it and the dis- 
ease it produces. It is also 
found in areas in Germany. 



FiG. 31.5 — Clostridium novyl, showing 
flagella, X 2,000. (From Nowak: Doeu- 
menta Mtcrobiologlco, courtesy Gustav 
Fischer.) 


The spores of the bacillus are found in the soil, and, no doubt, 
commonly are present in the intestinal tract of animals and man. 
The spores of the organism are probably carried into the bile 
duct and into the liver by flukes and, stimulated by the necrosis 


produced by that parasite, the spores germinate, multiply rapidly, 
and produce the toxin which causes the disease. A type of disease 
known as “stall braxy” occurs in Germany after castration of 
young lambs. 


Morphology and Staining.* Clostridium novyi is one of the 
largest of the anaerobes, 0.8n to 1.5|i in diameter and 5 to lOji in 
length. The edges of the organism are parallel, and the ends are 
rounded. It occurs singly, in pairs, and in long, jointed filaments. 
The spores of this bacillus are oval and subterminal. It is mo- 
tile by peritrichous flagella (Fig. 31.5) . A capsule is not produced. 
The organism is stained easily and uniformly and is Gram-positive. 

Growtii Requirements and Characteristics. Clostridium novyi 
grows well on ordinary media, but glucose stimulates growth. 
Ferric salts, iron wire, and whole blood also aid growth. The opti- 
mum pH is 7.2 to 7.4 and the optimum temperature is 37.5‘'C. It is 
tile most strictly anaerobic of the entire genus. 
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Agar plate colonies are small with irregular undulating borders 
and are finely granular in structure and grayish-blue in co or 
(Fig 316) On moist agar surfaces a thin scumlike 
formed Some strains ha\ e been described that form circumscri 
mucoid colonies which are possibly due to dissociation 

In broth the organism forms slight turbidity during early ours 
of gro^vth, but the cells form a 
hght, loose, flocculent sedi- 
ment withm 24 hours. In gl^ 
cose agar-shake cultures ® 
colonics have a compact, ye 
lowish center surrounded y 
a halo of fine filaments, the 
medium is shattered due to 
the evolution of gas 

Resistance. This bacillus 
is typical of the group m resist 
ance to destructive agents 

Biochemical Propertied 
Clostndtum nouyt forms 
and gas from glucose and m 
tose, and some strains from 
glycerol, does not attack lac 
tose, sucrose, manmtol, sahcin* 
or mulm Litmus milk is slowly acidified with some gas production 
but no digesuon Gelatm is rapidly and completely hquefied 
Looked meat medium is bleached or turned shghtly pmk with no 
digesUon. Coagulated serum and egg are not liquefied Brain 
me lum is neither blackened nor digested The organism is 
negative, HjS slowly posiUve, mdol negative, M R negative, and 
negative Beta hemolysis, tummg to alpha when exposed to 
tiol. P*-oduced on blood agar plates under anaerobic condi- 

have nn^ Toxins. Different types of antigens 

hal be™ Agglutmating anUse«® 

iuS/r b •'omologrua slrau. The auto- 

Srto usetr" however, makes “ 

study agglutinaUon test with any degree of success foe 

of toxinXra^mo^'S "a Produced by some strains The M.LX) 

and guinea pigs, 

muscularly mto euir, bouillon culture is mjected mtra- 

Eapenmentally Zi to iS hours 

y. It has been found nathogemc for swine, cattle and 


FIO 31 6 —Clostridium novyi colony 
on agar plot©, x 80 (From Nowok 
Documenta Microbiologies, courtesy 
Gustov Fischer) 
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horses, producing rapid death and the formation of a pale, jelly-like 
edema of the subcutaneous and intramuscular connective tissue 
surrounding the point of inoculation. Degenerative changes are 
produced in visceral organs. The edema is not as hemorrhagic as in 
blackleg and malignant edema. The sheep is naturally susceptible 
and is the most commonly infected domestic animal. Parker has 
observed that the disease is most common in ewes more than 18 
months old and rarely occurs in wethers. 

Previous mention has been made of the relationship of the 
liver fluke. Fasciola hepatica, to infectious necrotic hepatitis of 
sheep. This disease is an extremely acute toxemia, the animal dying 
within 12 hours after symptoms have been noticed. Post-mortem 
examination reveals marked venous congestion, which gives the 
skin a dark color (black disease) and increased straw-colored fluid 
in the body cavities and pericardial sac. Greenish-colored areas of 
necrosis, about 1 cm. in size, in which immature liver flukes may be 
found, are found throughout the liver tissue. Larger, yellowish- 
white, necrotic foci, which are surrounded by a wide zone of venous 
congestion, may also be found in the liver. 

Immimity. Antitoxin has a neutralizing effect on the toxin of 
Clost. novyi. The acute nature of the infection in which the organism 
is found, however, makes antitoxin therapy rather useless. How- 
ever, Parker was able to control an outbreak of the disease in a 
flock of ewes with antiserum. Turner has prepared a formalinized 
broth vaccine which has shown encouraging results. More satis- 
factory results are obtained when at least three injections of the 
vaccine are given. 

Diagnosis. The presence of Clost. novyi infection can be diag- 
nosed correctly only by the isolation and identification of the or- 
ganism. Lesions produced in the guinea pig are not sufficiently 
different from those caused by Clost. cliauvoei and Clost. septicum 
to be of value. 

Cfostridium pcrfnngens 

Synonyms and History. Bacilliis aerogenes capsulatus, Bacillus 
tcclchit. Bacterium wclcliii, B. phlcgmonis emphysematosac, B. 
eutcritidis sporogetics, B. perfringcns, Cranulo bacillus saccharo 
butryicus imtnobilts, B. aixaerobicus crytohutyricus, B. cadavcris 
bxitryicus, B. emphyscxjtatis vaginae, Clost. ivelchu. 

The organism was first isolated and adequately described by 
Welch and Nuttall in 1892 following its Isolation from a cadaver. 
Tlio follovs’ing year E. Fracnkcl isolated an organi.sm whidi he 
named B. phlcgmonu emphysematosac from four cases of gas 
gangrene. In 1898 Vcillon and Zuber named tills organism Baallus 
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perfnngens, a name which is used in the 1948 edition of Bergeys 
Manual In his classification of 1900, Migula referred to the organism 
as Bacillus welchu Smee Welch’s description, in 1900, of forty-six 
cases from which the organism was isolated, it has been found in a 
wide variety of conditions affecting man in all parts of the world 
dost perjnng&ns and bacilli similar to it have been isolated from 
a vanety of animal infections Although it is usually considered a 
secondary mvader, becommg especially active after the death of the 
animal, it has been found to be the direct cause of a variety of con- 
ditions Dallmg (1926) isolated an organism from sheep which he 
called Bacillus paludis Bennetts (1932) also isolated an anaerobe 
from sheep which he named dost ovttoxicum Both of the above 
organisms are probably dost per/nngens, differing only m the 
types of toxins produced 

Distribution and Transmission. This organism is the most 
ubiquitous of any of the anaerobic bacilli It has been isolated from 
soil, feces, and the intestinal tracts of man and animals by nu- 
merous investigators 


Morphology and Staining dostndtuw perfrtngens is a rod, 
0 8 to 1 5n m diameter by 4 to 8p in length, with usually rather 
square ends (Fig 31 7) Short, almost coccal forms, and long 
nlaments, may be found under certain growth conditions Variant 
terms (club shapes, filaments, tadpole forms, granular types) 
are found frequently m old, coagulated serum cultures It usually 

short chains, and 

frn!, ar filaments It is absolutely noiunotile, differing 

shehtlv^ fl n^enibers of this genus Spores are large and oval with 
Ipor=sar!s™f ^“bterminally or eentrally The 

formed m ® found m infected -wounds, but are most readily 
coaeulaM alkalme-egg broth, and 

maThed^'T. r" f'™'"»nble carbohydSe Capsules 

me creams containing serum 

IS Gram msit ® readily with the common amhne dyes and 

Gram-nerative^rm 

well m orina^’me^^A The organism grows 

from sod andTther m=. MeCampbell it is best isolated 

followed by mtravpn ^ successive moculations mto millt, 

immediately Xc T ^ «’''>it which is kiUed 

for 8 or 10 htlm “-»ator at 37»C 

cultures are made fro animal is then opened, and 

placed under anaerobic”lo blood mto glucose broth and 

ture IS 37®C The or^an ” optimum growth tempera- 

formation IS inhibited alkalme media, and spore 
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The colonies upon agar and gelatin plates are round, grayish, 
semitranslucent, and smooth, with an entire edge. Two types of 
colonies have been observed upon blood agar, one hemolytic and 
the other non-hemolytic. Colony variants have also been described. 
One type is a thin, filmy growth which spreads rapidly and is 
composed of long filaments. Another type is an extremely viscid, 
mucoid colony which adheres 
firmly to the medium. Bou- 
illon is uniformly clouded, fol- 
lowed by a heavy precipitate. 

Resistance. The organism 
is not significantly different 
from the group in resistance. 

Biochemical Properties. 

Clostridium perfringens forms 
acid and gas from glucose, 
fructose, galactose, maltose, 
lactose, and sucrose, but not 
from mannitol, dulcitol, or sal- 
icin. The aldehyde, acrolein, is 
produced from glycerol. Litmus 
milk is coagulated, and acid 
and gas are formed, giving a 
“stormy fermentation” within 
24 hours. Cooked meat medium with iron is blackened. The organ- 
ism produces slight NH 3 ; is strongly positive to H 2 S production; is 
indol negative; is M.R. negative; is V.P. negative; reduces nitrates 
slightly; is methylene blue negative; is catalase negative. 

Antigenic Structure and Toxins. There is no evidence that any 
definite antigenic groups exist on the basis of the agglutination test. 
By toxin-antitoxin neutralization tests, however, four different 
types of the organism have been described but these types are not 
in agreement with any agglutination grouping. 

In 1931, Wilsdon classified the various strains of Clost. perjrin- 
gcTis on the basis of toxin-antitoxin neutralization into the following 
groups; 


FIG. 31.7 — Clostridium perfringens 
X 2,000. (From Nowok: Documenta 
Microbiologica, courtesy Gustav Fi« 
scher.) 


Type A strains produce Type A toxin; the homologous anti- 
toxin neutralizes only Type A toxin. 

Type B strains produce Type B toxin; the homologous anti- 
toxin neutralizes T 5 rpes A, B, C, and D toxins. 

Type C strains produce Type C toxin; the homologous anti- 
toxin neutralizes Types A, B, and C toxins. 

Type D strains produce Type D toxin; the homologous anti- 
toxin neutralizes Types A and D toxins. 
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The exotoxm produced by Type D strains of Closf perfrtng^ns 
has been named epsilon toxin and appears to be potent 
Muth, and Seghetti found that 7 ml of the toxm proved a 

sheep, and the mmimum lethal dose for a mouse was 0 005 ml cse 
mvestigators report that the toxm is destroyed by a temperature o 
70°C , but storing at 40°C for two weeks does not diminis i 
potency 

Pathogcmcity dost perfmigens is pathogemc for guinea pigs, 
mice, and pigeons, and to a less degree for rabbits The organism is 
one of those most commonly found m gas gangrene m man 
pathogemc for sheep, producmg a variety of conditions It has o 
been mvolved in an acute toxemia m calves and m horses The w 
ganism has been shown to be widely distributed m soil and ^ ® 

mtestmal tracts of animals and man It may mvade tissues quic y 
after death and give rise to a mistaken diagnosis It has been isolate 
from cattle dead of anthrax, swme that have succumbed to cholera, 
and isolated together with dost chauvoei from blackleg lesions m 
cattle and m sheep Gas gangrene m a dog, followmg the subcutane 
ous injection of csJcium gluconate by an owner, has been reported* 
Experimental mfection in the guinea pig is characterized by 3 
large, crepitant swelling at the point of moculation The skin is 
red, subcutaneous tissue surrounding and some distance from the 
site of inoculation is emphysematous, edematous, and blood»tiDg® 
The suprarenal glands are congested The underlymg muscle is pal« 
pmk m color and shows evidence of hquefaction necrosis 

The sheep appears to be the only domestic animal in which a de 
mite disease is produced by more than one type of Clost perfnr> 
Oeiw A lamb dysentery which is characterized by an enteritis, rang- 
ing from a mild hyperemia to extensive necrosis and ulceration 
been described by Gaiger and Dalling, of England, The organism as- 
Related with this disease produces a toxm which is classed at W 
,v and Roberts have described a disease among sheep oo 

^e Romney Marsh m Kent, which occurs durmg the late wmtef 
“ charactenzed by an acute toxemia vnth re- 
pentoniUs, followed by typical lesions of 
\ ° time! The 

Cloit i»rf Wilson belie\ e that it is best to refer to i 

S “'5 Bracken have observed^ 

caUes- P produce an acute toxemia in newbo 


Bcnnctts(1332)dcscnbcd 


of 


in shc-cD m A..,» 1 ' an infectious enteroloxemw * 

toxn nhich disease was due to the absorphe" 

The organism U-I ^ organism m the small 

This or^a™ "“.‘t Type D of WUsd^ 

“ found in lamb dysentery in Colorado by Ne''«" 
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and Cross and in Montana by Marsh, Tunnicliff, and Jungherr. The 
condition kno^vn as pulpy kidney disease of lambs, which was 
observed in New Zealand by GiU (1932) and m Wales by Montgom- 
erie and Dallmg (1933) and by Montgomerie and Rowlands (1933, 
1934), and in Oregon by Shaw, Muth, and Seghetti (1939) was 
caused by the same organism An acute toxemia of lambs, sheep, 
and horses was found to be due to a toxin obtained from filtrates 
of intestinal contents of those animals by Gordon (1934) This 
toxin was neutralized by an antitoxm of Clost perfi inge-ns Type D 
Immimity. British workers have found effective the use of a 
formalmized vaccme m unmunizmg pregnant ewes or the newborn 
lamb to prevent lamb dysentery McEwen (1935) observed a for- 
malinized vaccme useful m immunizmg sheep agamst “struck ” 
The infectious enterotoxemia found m sheep of western Australia 
has been treated successfully by the use of specific antitoxm pre- 
pared by usmg Clost perfringens Type D as the mcitant This has 
been confirmed by Shaw, Muth, and Seghetti m Oregon 

The use of an alum-precipitated toxoid by Muth and Morrill for 
enterotoxemia in sheep was reported in 1946 The same year Bythell 
and Parker found that an anaculture was an effective immunizmg 
agent In 1947 Whitlock and Fabncant also obtamed favorable re- 
sults with an anaculture In 1948 Baldwin, Frederick, and Ray re- 
ported that a formolized bactenn was of significant value m immun- 
izing feeder lambs against enterotoxemia DeMello and associates, 
in 1952, reported that formaUn-treated, alum-precipitated epsilon 
toxoid is a satisfactory immunizmg agent for the disease in sheep 
Diagnosis. Clostndium perfnngens infection can be correctly 
diagnosed by the isolation and identification of the organism This 
IS best accomphshed by the neutralization of the toxin by a known 
specific antitoxm The diagnosis of enterotoxemia in sheep may be 
accomplished by mixing a quantity of the intestinal contents of the 
dead sheep with specific antitoxm and injectmg into mice Other 
mice are injected with mtestmal contents not treated with antitoxin 
If the former group of mice hve and the latter group die, it is 
obvious that toxin is present in the mtestme 

Humphreys has described a diagnostic culture test for the 
identification of Clost perjringens which mvolves the detection of the 
formation of the aldehyde acrolem, from glycerol He claims that m 
a large number of tests he has never known the test to mislead 

C/osfrfdium hemofyhcum 

Synonyms and History. This organism was first isolated and 
described by Vawter and Records m 1926, from which the fol- 
lowing description is freely taken They gave it the name Clostnd- 
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mm hemohjucum-bovis Hall studied strains of the organism and 

named It Bacillus haemoli/ticus , r,. * - rtncL 

Distribution and Transmission. In the United State , 
fiemolyticunv is apparently confined to the mountain va e>S ° 
western states — ^Nevada, Idaho, southwestern Montana, e ^ 
Washmgton, eastern Oregon, and eastern California Brown as 
ported the isolation of the organism from a liver infarct ° ^ ^ ^ 
m Kentucky, but the animal had come from Texas two . 
previously Sordclli, Ferrari, and Prado (1933) have observe 
organism in South America from the Andes region m Chi e ^ 
disease, bacillary hemoglobinuria, occurs most frequen 
swampy, poorly drained areas and irrigated pastures The ac 
ammals become infected in swampy places during the summer ^ 
early fall would mdicate that the organism or its spores are ^ 
m with the food or water while the susceptible animals are 
on mfected areas The isolation of this organism, by Jasmin, 
the bones of animals which had died of bacillary hcmoglo 
two years previously indicates a potential reservoir for the mice i 
in range areas « 

Morphology and Staining The bacilli are rod-shaped, 1 to I 
m diameter by 3 to 5 6^ m length, with rounded ends when org 
isms occur singly but truncate when m chains Spores are heav 
walled, globoid, oval, or slightly elongated and situated either te ■ 
minally or subtermmally Spore formation decreases when 
organism is grown on common artificial media, but this 
regamed when the organism is grown on media containing se 
or blood This bacillus is sluggishly motile by means of six to s 
teen long, pentnehous flagella Capsules are not formed The organ- 
ism is Gram-positwe during the first 24 hours of growth and the 
it IS Gram-negative 

Growth Bequircmcnls and CharactcrisUcs. The organis® 
strietly anaorohic, ,t has an optnnum temperature of 37-C and an 
op imum pH of 7 5 Culture media which contain tryptopftaae 

protems. readilv iTioU, — ^ ii , i_ pisenua* 

to ha 


protems, readily yieldmg this and other ammo acids, are esseni 
for growth and toxin production. Sulphur, likewise, appears to 
utihmd Cooked hver medium contaimng sodium thioglycoUate ha 
proved to be satisfactory as a basic medium for routme cullurmg a“ 
toxm producUon 

houmM,''d ° “ ''eht Srovth is present 

tion colo ’’ “= apparent after 24 hours’ 

develoD im homogenous and lenticular but 
Witt short “PPOarmg as dense, wooUy 

^ n d?,m 7 "aases vary from 0 23 to Oj 

^pktfZd“’ •“ *= blbe In 

tmahon » 4° 12 hours followed by autoaSS 

n An abundance of gas wrth a cheesy odor is produced. 
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Resistance, dost, heinolyticuvi loses its viability quickly on 
some types of media, especially in peptic-digest broth plus raw rab- 
bit liver, sealed with petrolatum. Viability is maintained for long 
periods, however, in beef-heart, peptic-digest broth. Although no 
definite data are available, the spores of the organism probably do 
not differ from those of other anaerobes in respect to resistance to 
heat, desiccation, light, and chemicals. 

Bioclicmical Properties. Clostridium hemolyticum produces acid 
and gas from glucose and fructose. Records and Vawter previously 
had listed galactose as fermented, but their subsequent studies have 
proved this incorrect. Other carbohydrates not attacked are man- 
nose, maltose, lactose, sucrose, mannite, raffinose, dulcitol, glycerin, 
arabinose, xylose, dextrin, inulin, and salicin. Blood agar shows 
diffuse hemolysis in 16 to 24 hours. Iron medium is blackened; 
gelatin is liquefied in two to six days; litmus milk is unchanged; 
coagulated serum is not liquefied; indol is produced in 16 to 18 hours; 
HjS is produced in large amounts; methyl red and V. P. tests are 
negative; nitrates are not reduced. 

Antigenic Structure and Toxins. Records and Vawter have 
shown that all strains of the organism studied by them are immun- 
ologically identical in respect to agglutination and toxin formation. 
They showed, also, by using specific antiserums in rabbits and then 
inoculating them with lethal doses of the organism, that no antigenic 
relationships exist between Clost. hemolyticum and Clost. nouyt, 
dost, perfringens, Clost chauvoei, or Clost. septicum. 

Two toxin fractions, which have not been separated in pure 
form, are produced in cultures and in the animal body. One fraction 
is markedly hemolytic but unstable. It is present in culture media at 
the eighth to tenth hour of incubation. Its maximum concentration 
is reached in 16 to 20 hours and disappears after 30 to 36 hours of 
incubation. The other fraction is recognized by its necrotizing action 
on tissues of rabbits and guinea pigs. It is present during the early 
stages of the growth of the culture but persists for a week longer. 

The production of lecithinase by the Clost, hemolyticum has 
been reported by Jasmin who found that the production of opal- 
escence in human serum and the flocculation of egg yolk solution by 
this enzyme paralleled the lethal and hemolytic action of the toxin 
produced by the organism. 

Pathogenicity. Clost. hemolyticum is pathogenic to rabbits, 
guinea pigs, and white mice, but infection is dependent upon a high 
concentration of hemolytic toxin in the culture. The bovine is the 
most susceptible of the domestic animals. The disease has been 
observed in sheep and swine. 

Guinea pigs weighing 300 to 500 gms. are killed in 18 to 36 
hours by 0.1 to 0.5 ml. of toxic culture. Rabbits weighing 1.5 to 2 kg. 
die in 16 to 24 hours after receiving 0.5 to 1.5 ml. of toxic culture. 
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Mature white mice weighing 20 to 25 gm die in 16 to 24 hours after 
moculation with 0 1 ml of culture Upon autopsy an extensive, blood- 
stamed edema without gas is found in the areolar tissue The under- 
lymg muscle tissue is usually light-colored but not so softened, blood- 
stained fluid IS found in the body cavities, perivascular hemorrhages 
occur m the pleura and peritoneum, intestines are distended with 
gas, and the contents are bilc-staincd, and sometimes are blood 
stained, smgle or multiple infarcts occur m the liver, hemoglobin- 
uria is a constant finding, the lungs arc moderately congested 

The lesions produced by the natural mfcction in cattle, sheep, 
and swme are not unlike those described above The most significant 
characteristics, hoivever, may be repeated for emphasis Light 
colored infarcts are found in the liver from which the infection no 
doubt originates, extensive hemorrhages arc found m the panetal 
peritoneum, subcutaneous connective tissue is icteric, pinhead'Sized 
cortical hemorrhages are present m the kidneys, dark red-colored 
fluid accumulates m the urinary bladder. 

Immunity. Records and Vawter (1945) have studied vanous 
ty^s of vaccines and bactenns and have found that the aluminum 
hydroxide precipitated toxoid type of formahnizcd bacterm gives 
the best results 


A poteiit antiloxxc sorum is produced m horses and when given 
mtravenously m 500 to 1,000 ml doses to mfected animals proves to 
be an adequate treatment 

and '^=,"i™P‘<>nis of the disease, the ammal involved, 

oream<;m country are most valuable in diagnosis The 

ever becanr^ ti, ^ isolated and idenUfied for absolute proof, how- 
hemorrhatvifs^ ! ‘bsease may at tunes be confused with anthrax, 
bleTaoi L'f*’ S'"*"- hemolyturum resem 

well as the effeS Dr°d *“ cultural characteristics as 

is best SLiSf “ vinienmental animals This organism 

nblaimng a clear-cm'*^'"f specific antiserum on young cultures 
8 a Clear-cut agglutma,,o„ reaction 


C/osfrjt/iu,n sordellu 


an organism which he Argentina isolated 

two fatal cases of ga “Ued BactUus oedemattens spoTogenes from 
Carp, m 1927 Meleney, Humphreys, and 

Similar organism SordelU’s work, described and named a 

suggested the name ®v*niw‘“idcs In 1927, Hall and Scott 

’ ■ ■ ■ le^^Lf nftuv studymg cultures no- 

>es or gas gangrene „ , ..n.J *n.O 


lated from cases of gas gan’Jir alter s,ee,e,s 

cultures isolated from^^^'“ “ Hall, m 1929, identified two 

identical with those loterohemoglobinuna of cattle ^ 

Rymcr and Jungherr t ’>'“‘gs, and m the same year. Hall. 

ngherr found that cultures chtamed from Meleney, 
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from Sordelli, and from Nevada cattle were indistinguishable cul- 
turally and serologically. In 1931 Hall and Gray reported a fatal 
case of septic peritonitis in man due to this organism. The signifi- 
cance of dost, sordellii as a pathogenic organism in animals was 
emphasized by Vawter in 1942 after his study of five cultures iso- 
lated from cattle and one from sheep in Nevada. 

Distribution and Transmission. The geographical distribution 
of this organism is not known, but its isolation from such widely 
separated areas as Argentina and Nevada suggests that more de- 
tailed studies of anaerobes isolated from cases of gas gangrene in 
man and animals may reveal its presence elsewhere. 

In common with otlier bacilli of this group, it is presumed that 
the organism gains entrance through wounds and abrasions of the 
skin and mucous membranes, and originates from the soil. 

Morphology and Staining. Clost. sordelhi is a nonmotile, spore- 
forming bacillus 1^1 in diameter by 3.5-4. Op in length. Spores are 
located in a central or subterminal position. Capsules are not pro- 
duced. Cultures 12 to 18 hours old are strongly Gram-positive. 

Growtli Requirements and Characteristics. This organism grows 
readily and luxuriantly in media such as cooked meat medium and 
sodium thioglycollate agar. In cooked meat media, the meat particles 
first become bright red, then blacken and become partially digested 
or gelatinized. White crystals, resembling tyrosin, appear in meat 
cultiires after ten days at room temperature. A black, veil-like stra- 
tum develops in fluid media containing sodium thioglycollate. 

Colonies of the organism in deep agar cultures are pleomorphic, 
appearing as biconvex discs, multiplane discs, disc types with ec- 
centric fluffs, or dense feathery masses. The agar column is usually 
broken by gas. The proteolytic action of the organism is notable and 
the characteristic valeric odor of cultures 20—48 hours old is typical. 

Resistance. No data have been recorded to indicate that the 
spores of Clost. sordellii are different than those of other bacilli in 
respect to resistance. Vawter observed that cultures 10 to 12 years 
old grew readily when revived with liver digest broth and were fully 
virulent. 

Biochemical Properties. Glucose, fructose, and maltose are 
fermented; galactose, lactose, sucrose, mannite, arabmose, xylose, 
inulin, salicin, dulcitol, and glycerol are not fermented. Gelatin is 
liquefied in 24 hours; litmus milk is coagtilated in 24 hours and is 
peptonized in 5 to 7 days. Coagulated seriun is liquefied in 5 to 7 
days with the residual clot turning black. Indol is formed in 18 to 24 
hours; HaS production is pronounced; methyl red test is positive; 
V.P. reaction is negative; nitrates are not reduced. Red blood cells 
are hemolj^ed in 4 to 6 hours. 

Antigenic Structiuro and Toxins. All studies of the organism 
Indicate that it is antigcnically homogenous. 
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A very potent, moderately stable, filtrable toxin is produced in 
24 to 36 hours. This toxin is inactivated by 70® C. in 20 minutes on 
by 0.25 per cent formalin in 2 days at 37.5° C. The antigenic action 
of formalinizcd cultures is not destroyed. 

Pathogenicity. Guinea pigs and rabbits arc susceptible to dost, 
sordellii and the lesions produced are typical of a gas edema. Bac- 
teriemia is produced and death follows in 16 to 18 hours. Horses are 
killed by doses as small as 0.5 ml. of a toxic culture. Germ-free 
trates produce severe local reactions in horses when given sub- 
cutaneously. Cattle, likewise, are very susceptible. 

Natural cases of the disease have been observed only in cattle 
and sheep by Vawter. Reference previously has been made to the 
strains isolated by him. Three of the cattle strains were isolated wi 
either dost, hemolyticum or dost, perfringens from liver uifarcts or 
other tissues of cattle which had died because of bacillary hemoglo" 
biniiria. One strain was isolated from a calf which showed atypic^ 
blackleg, and another strain from calves which had become infecte 
by vaccination. An avirulent strain was isolated with Clost. scpticum 
from a sheep. 

Immunity. A highly potent antitoxic scrum is produced in 
horses by the use of carefully attenuated cultures of the organism. 
Vawter has developed agglutinating antiserum in the rabbit by 
usmg formalinizcd cultures. 

Diagnosis. The presence of Ciosf. sordellii in an infection can 
be detected only by the isolation and identification of the organism- 
Ciosfridiuni fetani 


Synonyms and History. Bacillus of Nicolaicr; Plectridm” 
tetani; Bacillus tetoni. 

produced tetanus in rabbits by in- 
fa a” from a wound of a man suffering 

tributed description of the microorganism was con- 
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blood serum from such rabbits could neutralize the toxin in vivo 
and in vitro; thus, these investigators laid the foundation for serum 
therapy. 

During the more recent years, Clost, tetani has been investi- 
gated with the view of obtaining more information concerning its 
distribution, antigenic relationships, and toxic action as well as 
toxin and antitoxin standardization and the manufacture of tetanus 
toxoid. 

Distribution and Transmission. Clostridium tetani is widely 
distributed in nature. It has been isolated from the fecal material 
of humans and herbivorous animals, particularly horses. Ten Broeck 
and Bauer have shown that the bacilli undergo multiplication in the 
intestinal tract of guinea pigs. Soils from various parts of the world 
have revealed the presence of the organism. It is possible that under 
certain conditions the bacillus may maintain, for a time, a saprophy- 
tic existence and multiply in the soil. 

The organism gains entrance through skin wounds caused by 
objects which carry dirt into the deeper tissues. Some cases of 
tetanus occur in which the infection atrium is unknown. 

Morphology and Staining. Clost. tetani is a long slender rod, 
0 , 5^1 in diameter by 2 to 5^ in length, and long, filamentous forms 
occur which later break up into shorter rods. The ends of the 
organism are rounded. It occurs singly or in short chains which are 
sluggishly motile by means of peritrichic flagella (Fig. 31.8) . The 
spores found in the organism are two or three times the diameter of 
the cell and are situated terminally, giving a “drumstick” appear- 
ance (Fig. 31.9). The organism stains readily by the ordinary 
aniline dyes and is Gram-positive. 

Growth Requirements and Characterisitics. Clost. tetani is an 
obligate anaerobe and is isolated with difficulty in pure culture 
from soil or infected animals. Heating the material taken from 
animals to 80°C. and subsequently placing it in broth is often 
required for isolation. The organism grows well in liquid media to 
which finely divided particles, such as meat, steel, or cotton, are 
added. A temperature of 37°C. is best suited for growth. The 
optimum pH is 7.0 to 7.6. 

Colonies on agar surfaces are irregular, often spreading from 
a denser center (effuse), have a filamentous edge, are glistening, 
and grayish-yellow becoming brownish with age. Broth is imi- 
formly clouded, and a slight, finely granular sediment forms. In 
gelatin stabs, a typical “fir-tree” growth occurs. The gelatin is 
slowly liquefied. Alpha type of hemolysis first appears but is fol- 
lowed m a few days by complete hemolysis. 

Resistance. Spores of the tetanus bacillus resist desiccation 
indefinitely. They also resist boiling for some time, over 1 hour, 
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but are killed at 105‘^C in from 3 to 25 mmutes The age of the 
spore appears to be an important factor The temperature of the 
autoclave kills the spores m 15 to 20 mmutes It is resistant to 
ordmary disinfectants, surviving 5 per cent phenol for 15 hours 
Biochemical Properties Carbohydrates are not fermented by 
Closf tetam, although a small amount of glucose is utilized. Lit 
mus milk is usually un 
changed, although some 
strains may cause coagulation 
upon prolonged mcubation 
This IS probably due to a ren 

mn-like en 25 rme Peptonization 
IS absent In cooked meat 
medium some blackenmg 
curs after a few weeks Black 
ening occurs m brain medium 
especially if an iron wire is m 
serted mto the tube The or 
ganism also gives these reac 
tions indol negative, M-R- 
ative, VP negative, mtratw 
not reduced, NHs slight, S S 
slight methylene blue not re- 
. duced, and phenol positive 

Antigcmc Structure and Toxins. Clost tetam has been divided 
types on the basis of the agglutmation test Felix and 
m r r anUgemc substances 

TomaL o =■ H " 

produced Vi ” latter is common to the species Tomu 

toxm nrn^ ^ Strains is only of one antigenic type, that is, anti 

tralize the rxij’^ot*^ ““ 

of Ussu^'toi"'™’ rs known to attack two different types 

nnolZ p™d^"°rr"T 

the mtact digestive ““n Tetanus toxm is not absorbed fron 
activated or destroved h' ^ evidence that it is ^ 

heat at 65®C for *; ^ gastric juices The toxm is destroyed V 

A temperature ^ 

alter its combmtno ^ hour destroys its toxicity but does no 

uig does not matenarT'^^f antitoxin. Freezmg and thaw 

Hartley Direct sunli potency of toxm, according^ 

temperature is 40=r r» hours destroys tetanus toxm if ^ 
effective means of ,, weakens toxm. One of the most 

With ammonium tetanus toxm is by precipitation 

e, drying over sulphuric acid and storing m 


***®''' ihowing 
x*l Q0Q^'’fc* Y?” ^';'"«"9en stain 

MicroK.M Nowok OocucnenlQ 
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the dark at 5°C. in vacuum tubes under pento-phosphoric acid. The 
toxin is not resistant to acids or alkalies. Seventy per cent alcohol 
will destroy it in 1 hour. The potency of toxin may be decreased by 
certain chemicals, notably iodine trichloride, resulting in an ana- 
toxin which may be used for immunization of horses in antitoxin 
production. 

Patliogcnicity. The injec- 
tion of pure cultures of Clost 
tetani or its toxin into experi- 
mental animals causes the de- 
velopment of typical tetanus. 

The mouse is one of the most 
susceptible of animals, al- 
though the horse, guinea pig, 
and monkey are more suscepti- 
ble to toxin when dosage and 
body weight are considered. 

Rabbits, sheep, cattle, and 
goats are susceptible. The pig 
is next to the horse in suscep- 
tibility, although this is some- 
times contrary to popular opin- 
ion. Cats, dogs, birds, and cold- 
blooded animals are resistant. 

The organism usually gains entrance by means of traumatism, 
castration, harness galls, and parturition. Foreign material and 
other bacteria are conducive to the growth of Clost. tetani in tissues 
producing anaerobic conditions and necrosis, which apparently de- 
creases the oxidation-reduction potential to a point conducive to 
the growth of the organism. 

The absorption of the toxin and the mode by which it arrives at 
the central nervous system is controversial. Originally it was 
thought to be spread by the blood stream. The incubation period 
required for symptoms to appear after injection of toxin, however, 
made toxemia doubtful. Numerous workers have claimed that the 
toxin is absorbed by motor nerve endings and passes up the axis 
cylinders to the anterior horn cells, which explains why contractions 
are confined first to the affected limb or part. When the toxin be- 
comes diffused through the cord and brain, the entire body may be 
affected. Abel and co-workers, however, contend that the toxin is 
absorbed by lymphatic vessels at the site of its liberation, then car- 
ried to the general circulation and distributed to the central nervous 
system by the arterial blood supply. 

The period of incubation for the disease depends on the site of 
tire injury. In man the average incubation period is seven days. In 



FIG. 31.? — Clostridium tetani showing 
polar spores, X 2,000. (From Nowak: 
Documenta Microbiologica, courtesy 
Gustav Fischer.) 
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the horse the site of injury is more variable, and the incubation 
period vanes from four to twenty days The length of the incubation 
period IS obviously hard to determine smcc so many factors seem 
to be responsible for the multiplication of the organism with sub- 
sequent toxin liberation 

The characteristic simiplom of tetanus in all animals is a stidcn- 
mg of muscles due to contraction The muscles at the site of mocu- 
lation may bo the first, and m mild cases they may be the only ones 
affected. In the horse the retraction of the eyes and protrusion of 
the mctitatmg membrane and spasmodic contraction of other parts 
of the body are diagnostic CharactcnsUc lesions arc absent m leta 
nus upon post mortem examination 

Immumty Some ammals have the ability to resist the action 
of tetanus toxin In some cases this appears to be a natural im 
mumty as m the dog, whereas m others, the cow, there is some evi- 
dence that the blood scrum contains antitoxin Most cattle show 
more than 1/500 unit of antitoxin per iniUihter of blood 
serum Sheep and goat serum likewise may contam small quanti 
ties The presence of anUtoxm m the blood of these ammals has 
been explained by the assumption that tetanus bacilli may 
and mmtiply m the foreslomachs, especially the rumen, and hberate 
enough toxin to stimulate antitoxin formation. The resistance of 
cows, sheep, and goats to tetanus, therefore, may be due to a slight 
ii^umty and not natural resistance In this connection it is inter- 
h j riote that the blood of man horses, pigs, guinea pigs, rab- 
“d “onkoys do03 nol conUm anutoxin. 
hi. adsorbed to nerve tissue, it camwt 

neutr!ib,'"/u’‘“*’^ masccration of the tissue, and it cannot be 
into the n ^ “fdoxin unless the antitoxin is injected duect y 

the S'anterrrr'"”" antitoxin is described m 

Diagnosis Th” “‘doxui, to which the student can refer 
laboratory metho/ tetanus are so characteristic tha 

gaaism r ° diagnosis The at 

fected wound exudate from the m 

an animal showing typical tetanus 
Cfoslndium botuhnum 

bniie'^reL™d“ha„“‘'‘,°S' was first isolated bom 

lus botuIiTius Thp f ^ 96 by Van Armengen who named it Ba^ 

a potent Kempner was able to show th^ 

hy the bacillus ThT “* Boats against the toxui hberated 

recognition bv T.o„r.i. ™ost significant contnbuUon w'as ® 
*5 in 1910 that toxins of different strains were 
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antigenically different. In 1915 Burke distinguished two distinct 
toxigenic strains which he designated A and B. A third strain, Type 
C, was discovered by Bengston in 1922 in fly larvae and was named 
Clost. luciliae. In 1923 Graham and Boughton isolated the same ba- 
cillus from chickens and ducks. In 1926 Thieler and his associates 
in South Africa cultivated an organism, which they designated Clos- 
tridium parabotulinum Type D, from cattle affected with lamziekte. 
Thieler and Robinson, in 1928, isolated an anaerobic bacillus, 
which they called Clost. parabotulinum equi, from horses and mules 
having died as a result of eating hay contaminated by decomposed 
rats. The name Clostridium botuUnum Type E has been suggested 
for the last organism. 

Distribution and Transmission. The detailed surveys of Meyer 
and co-workers have shown that the spores of Clost. botuhnum are 
widely distributed in many parts of the world. The presence of most 
of the spores of anaerobic bacilli is attributed to the habitation of 
the area by people and animals. The spores of Type A of this organ- 
ism, however, are more prevalent in virgin soil in the forests and 
mountains, especially in the western part of the United States. The 
spores of Type B are more prevalent in heavily manured soils and 
seem to be confined to the eastern United States and to Europe. 
Type C has been found in American and Australian soils. The other 
two types apparently are found only in South Africa. The spores 
of Clost. botulinum are rare throughout the middle-western part 
of the United States. Reported cases of botulism are often prone to 
be something else upon close analysis. 

The persistence of botulism toxin in the bodies of animals which 
have died of botulism has been observed by many investigators. 
Reference is made above to decomposed rats in hay. Fourie has 
found toxin in the carcass of a hare after 54 days and in an iguana 
for 90 days. The toxin persisted in the body of a dead tortoise for 
over a year and Fourie believes that this is a most significant source 
of lamziekte which occurs in Bechuanaland, South Africa. 

The organism is a saprophyte and under anaerobic conditions 
produces a potent toxin which is responsible for the disease botu- 
hsm, which follows the consumption of contaminated food materials. 
Animal and vegetable foods are most commonly incriminated. In 
the United States, Meyer found vegetable foods incriminated in 72 
per cent of the cases, animal products in 18 per cent, and the re- 
maining of unknown origin. In Europe the greater percentage of 
cases of botulism is caused by contaminated animal products. 

Morphology and Staining. Clostridium botulinum is a large 
bacillus, 0.9 to 1.2\i by 4 to 6p, with rounded ends. It commonly 
occurs singly or in pairs, sometimes in short chains. Oval spores, 
usually greater than the cell in diameter, are situated terminally 
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(Fig 31 10) The organism is sluggishly molile by means of four to 
eight peritridiic flagella Capsules have not been demonstrated 
Young cultures are Gram-posiUvc, and some cells vary m dep 
of stammg 

Growth Requirements and Characteristics. This 
strict anaerobe It grows best at 25° to 30°C. and poorly at 
Shghtly alkalme medium is most suitable. The organism ffrows 
well on most common media, but growth is enhanced by 0 P^^ 

cent glucose and 0 5 per cent K 2 HPO 4 m beef heart and pep ^ 


digest liver broth 

Colonies on agar surfaces are irregular, small, translucen , 
grayish-white to yellowish-brown, glistening, and have a fimbria e 
edge Glucose agar-shako culture colonies vary m size, are 
opaque, and have a bro\W 
center with a less dense peripn- 
^ « T> ...J V. have 








cry. Types C, D, and E have 
woolly edges Broth cultures 
^ are uniformly turbid wit a 
moderate, powdery 
^ Types C, D, and E are h^W 
turbid and form a more fiaky 
deposit m the tube . 

^ Resistance. The spores ot 

y this bacillus are killed lu 
hours at 100°C , 2 p 

105°C, IVz hours at 110 
40 nunutes at 115°C , and ui 


pir -ji lA yi . jiunuies iti j-aw j 

n« lu — Clojlndium bolulmum tn t * lonop It IS ap* 
ogar culture, x 2,000 (From minules at 120 C 

_ , . , hours will not kill tne sv 

Biochemical Charactcrblics. The different strains of Clost 
botulmum produce dillerent types of changes in carbohydrate and 
A produces acid and gas from glucose, m 
r r’ Types B and C do not £enne»‘ 

sahcin, C does not ferment glycerol None of the strains ferments 
Ti*”’ -Jnkdol. galactose, xylose, rhamnesc. 


arabinose Litmus milk 


alkaliA,r,. tn V — “ Coagulated with resultmg digestion * 

an?H Cooked meat medium^ 

D 2d E ^ r A and B, but not changed by C, 

able and ha \ action of coagulated egg white medium ^ 
types “ => ““ns of dassifymg the various 

pai-abotulmum" J desigimtion of hquefying types as CIos 
Sti2 2d ah V all AmLc2 Types A and B 

all C and D Tiof” A strams European B strains an 

^'Tes fad to egg while and are des.g' 
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nated as Clost. hotulinum. All types liquefy gelatin. Coagulated 
serum is liquefied by Types A and B, but not by C, D, and E. The 
organism is NH3 positive, HjS strongly positive, indol negative; 
nitrate reduction negative, M.R. negative, V.P. negative, methylene 
blue reduction negative, and catalase negative. 

Antigenic Structure and Toxins. Clost. hotulinum is divided 
into two main types on the basis of toxin produced. Antitoxin for A 
does not neutralize the toxin of B, nor does antitoxin for B neutral- 
ize the toxin of A. The other three types mentioned also produce 
specific toxins which are antigenically distinct. The two main types 
also can be distinguished on the basis of agglutination and comple- 
ment fixation tests. The toxin is destroyed by heating 6 minutes at 
80°C. Prolonged action of sunlight decreases potency in a few 
months. One of the most important characteristics of the toxin is that 
it is not affected by acidity equivalent to that of gastric juice or by 
peptic or tryptic digestion, thereby differing from other bacterial 
toxins. 

Pathogenicity. Toxins of A and B Clost. hotulinum pro- 

duce botulism in man. Type A produces limbemeck in chickens. 
Type Ca has been associated with botulism in wild ducks and lim- 
bemeck in chickens. Type Cb produces forage poisoning in horses. 
Type D causes lamziekte in cattle. Type E is responsible for a forage 
poisoning in horses and mules. All toxins are capable of producing 
death in guinea pigs, rabbits, mice, mink, ferrets, and muskrats. 
Poxes, coyotes, and wildcats were found to be resistant by Quortrup 
and Gorham. 

Botulism is produced only after the organism has grown in 
favorable food materials where the toxin has been eliminated. Al- 
though vegetable, fruit, and animal foods may be involved, the former 
has been foimd to be most important in the United States. Meyer 
has found that home-canned string beans are more commonly in- 
volved, followed by com, olives, spinach, asparagus, beets, apricots, 
and pears. Of the animal products, pork has been most commonly 
incriminated. The above foods are of more significance to humans 
than to animals; however, cases of botulism (limbemeck) in chick- 
ens have usually followed the feeding of spoiled foods primarily in- 
tended for human use. The condition in chickens is characterized by 
weakness, muscular incoordination, a drooping head, prostration, 
coma, and death. 

Forage has been incriminated in the death of horses. Buckley 
and Shippen (1917) isolated a bacillus resembling Clost. hotulinum 
from oat hay and ensilage which had caused symptoms suggestive 
of botulism in horses. Graham and Brueckner (1919) found corn 
ensilage caused botulism in horses. Experimental botulism could be 
produced by giving horses 2 ml. of a broth culture of the organism 
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they isolated Tlie animals showed general muscular weakness, difli 
culty m mastication phar>ngcal paresis, mabilily to contro e 
tongue viscid discharge from Uie nostrils and mouth, ina ity o 
stand emaciation, enuresis and finally coma and death ^ 
has been made previously of the observation by Theiler and 
son (1928) of the cases of forage poisoning in equincs following ^ 
eatmg of hay m which rats had decomposed, which certainly sug 
gests a rather unusual source of the toxin 

Botulism m cattle, following tlie eating of corn ensilage, as 
been observ ed by Graham and Schwarze (1921) Although they ^ 

not suggest the organism was responsible for icterohemoglobinuria, 

Dubovsky and Meyer (1922) isolated dost bolultnum from ® 
livers and mesenteric lymph nodes of two cows with that disease 
Seddon (1922) isolated a botulism organism from cattle m Australia 
afflicted with an impaction of the omasum (dry bible) The orgJ^* 
ism he isolated was very similar to the one found in South Africa y 
Theiler and co workers in cattle suflermg with lamzickte Th® 
ter disease results from the eatmg of “green” skeletons by cat e 
afflicted with phosphorus starvation The disease in cattle is char- 
acterized by paralysis of the locomotor system with difficult masti- 
cation and general weakness 

Botulism of wild ducks has been found m the western part of 
the United States The birds obtain the toxin from feeding along 
the muddy shores of lakes 'Whether the loxm is liberated by the 
growth of the organism in the mud or whether the ducks consume 
infected fly larvae m sufficient numbers to cause death is not knovai 
There are no significant lesions produced by botulism Genera 
^eremia is constant and microscopic thrombosis is found m some 
00 vessels, hemorrhages may be observed m the lungs 

Immunity Antitoxin can be prepared which neutraUzes Clost 
botulmum toxin The anUtoxin is active for the homologous strain 
if’ V ybich must be considered m treatment Experimentally 
m!!?" . i' antitoxm will prevent death when given un- 

w! the mjecUon of toxm No outstanding results have 

botXm by usmg anfatoxm m treatmg field cases of 

dav W "" 50 ml . given mtravenously each 

nosed curative value When the disease is diag 

10 ml of a f ^ poisomng epidemic, a prophylactic dose o 
do not show ’^*>0 have taken food 

Botuhsm anutoam has been used extensively m all types of 


- — .vsvwAili iias 

parhcularly m ‘cornstalk" poisonu* 
IS doubtful uidicated and the benefit obtains 


cornstalk" poisoning 


IS doubtful No 


disease is due’tlTyT'”“ “ available to show that tins 

WnpeS„t:d‘“to":hlT‘°T ""J 

Show the value of antitoxin m such cases 
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Diagnosis. In man, botulism must be differentiated from 
other types of food poisoning The only certain diagnosis of the 
disease is the demonstration of toxm by mjecting a filtrate of the 
suspected food or forage into mice or guinea pigs simultaneously 
with protective doses of the various types of antitoxin. The organ- 
ism may be isolated from the suspected food material and from the 
mtestmal tract of those having died of the disease The mere pres- 
ence of dost botulmum in the mtestmal tract of animals is not a 
safe diagnostic criterion, however, due to the prevalence of the 
organism in food materials consumed by animals in some regions 
The symptoms observed m the animals before death and the food 
consumed must always enter mto the diagnostic procedure 

Clostridium histolyticum 

dostndium histolyticum was first described by Wemberg and 
Segum m 1916 It is not considered to be of great significance m 
animal infections but has been encountered as a secondary mvader 
The ability of the organism to produce extensive liquefaction necrosis 
in tissue is its outstandmg characteristic The organism is not sig- 
nificantly different from the other members of this group m regard 
to morphology and colony appearance It does not ferment carbo- 
hydrates Frank and Scott have reported two cases of dost, histo- 
lyticum mfection m the horse 

Cfostridium sporogenes 

This organism is another of the extremely active proteolytic 
species which is often encountered in wounds It may be involved 
in dost perfringens and dost septicum infections m ammals It 
grows so easily and abundantly that other species are overgrown, 
consequently, it is difficult to isolate the true etiologic agent when 
contammation with this one is present It is similar to other anaerobic 
bacilh m morphology and colony characteristics but is able to liquefy 
all protem materials with the production of a very offensive odor 
Toxm production by the organism has never been proven Although 
Wemberg has shown that some freshly isolated strams are capable 
of killing gumea pigs, most mvestigators claim that dost, sporo- 
genes IS entirely nonpathogenic 
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The Genus Corynebacterium 


Diphtheria in man is produced by an organism which is rodlihe 
and frequently filamentous with a tendency toward the develop" 
ment of branches Many of the mdividual cells m a culture of this 
organism are swollen, clubbed, and irregular, and show a decided 
tendency to form m clumps and parallel hues When grown upon 
certam types of media and stamed with speaal stains the organian 
contams metachromaUc granules m one or both poles Numerous 
ce in a culture stain unevenly, giving a segmented or barred ap>“ 
pearance It is Gram-posiUve This organism, known as Corytie- 
oactenum diphthenac, represents the type species of the genus, 
consequently, all other bacteria which are similar to it are placed m 
^ group Because of the resemblance of many species to the diph- 
thena baciU^, the members of the group are commonly called the 
diphtheroid” group 

, genus Corynebactenmn is composed of species of bacteria 

eem. them are nonpatbo- 

g me, being found on mucous membranes A few are pathogenic 

anunalq acute and chronic diseases of man an 

ye most significant ones will be discussed m this text 

thena Tk ’ ^ ^°n/nebactcnum diphthenae, the cause of dipb 
aigmficance m ammal health, but 

of diphtheria m the production and standardizaUon 

more, methods whT ™ ’^‘^Snosis of the disease, further- 
orgai;ism „°tfS“* ■’'veloped m the study of thn 

Amone tli * the study of related forms from animals 

of greatest imnnrr^ ^ animal species, four have been found to be 
numTenale Coryneb^’ t pyogenes, Corynebacte- 

tenum equt pseudotuberculosis, and Corynebac- 

but smee thev species have been described and named, 

'viU be referred ir, ° great importance to anim al health, they 
to under the title Miscellaneous Corynebactenn 

[5041 
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There is usually no occasion to differentiate Corynebacterium 
diphtheriae from the four animal species; however, there are nu- 
merous instances when the animal strains may be found in the same 
species and in the same tissue. Differential laboratory methods can 


TABLE 32.1 

Differentiation of the Corynebacxeria 



c. 

diphtheriae 

c 

pyogenes 

C. pseudo- 
tuberculosis 1 

C renale 

C. equi 

Hemolysis ... . 

- 

+ 


- 

- 

Gelatin liq. . . . 

- 

+ 


- 

- 

Litmus milk 

no change 

coag. acid, 
digestion 

no change 

alkaline 

digestion 

no change 

Nitrate rdc. 


- 

- 

- 

+ 

Dextrose 

+ 

+ 


+ 

- 

Maltose 

4. 

+ 

-h 

- 


Galactose 

-r 

+ 


- 

- 

Lactose 

- 

+ 

- 

- 

- 


be used for their identification. Some of the most valuable reactions 
are given in Table 32.1. 

Corynebacfer/um diphtheriae 

Synonyms and History. Bacillus diphtheriae. Bacterium diph~ 
theriae, diphtheria bacillus, Klebs-Loeffler bacillus. 

The diphtheria bacillus was first observed by Klebs in 1883 but 
was isolated and completely described by Loeffler in 1884. The 
discovery of the production of a potent toxin by the organism was 
made by Roux and Yersin in 1888. In 1890 von Behring demon- 
strated that recovery from the disease resulted in the formation of 
a specific antitoxic substance in the blood stream, thus paving the 
way for antitoxin therapy. 

Distribution and Transmission. Diphtheria is world-wide in 
prevalence. Many countries, notably the United States, have con- 
trolled the disease by toxoid or toxin-antitoxin immunization, and 
as a consequence, widespread epidemics of the disease are rare 
where this procedure is followed. 

Tiic organism is transmitted by personal contact witli infected 
individuals and by contact with fomites handled by infected indi- 
viduals. Immune carriers of the organism arc sometimes sources 
of epidemics of tlic disease. 
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the presence of metachromatic granules The organism is nonmotile, 
noncapsulated and nonspore-produang 

When stained with methylene blue, the barred charactens c 
IS particularly apparent It stains well with the ordinary dyes an is 


Gram positive 

Gro\vtli Requirements and Characteristics This organism is 
aerobic and facultatively an 
I . aerobic It grows most abun 

dantlyat37®C m media whi(* 
arc adjusted to pH 7 0 to 7 

y It can be isolated from tluoat 

iMions of active cases of dipb 


lesions of active cases of dip 
thcria by the use of media to 
* which blood serum has been 

\li addled The most universally 

^ nsed medium for the primary 

^ i/t growth of C diphthervie is 

LoefTler’s coagulated blood se- 
rum One of the difficulties en 
countered m the isolation o^ 
FIG 32 1 - Ceryneboct«rigm diphthe- ^be organism is the growth o 
tme serum agar culture, X 2 000 contammatmg organisms 
iFrom Nowak Oocumenta Microbio* , , 4 b>Q obieC 

logea courtesy Gustav Fischer) order tO overcome UUS 

tion, potassium tellurite may 
be added to the isolation medium This salt prevents the growth o 
other organisms to some extent, but is valuable m that the colomes 
of C diphthenae are grayish black which facilitates subculturmg 
On serum agar this organism grows in small, finely gran > 
translucent colomes which have an irregular border Old colon^^ 
frequently reveal a peripheral secondary growth, this gives ® 
surfaces of such colomes a concentncally rmged appearance 
In broth a uniform turbidity is produced durmg the first 
ours of growth, and then a thm pellicle is formed 

Resistance The diphtheria bacillus is s^Tnilar to the vegetative 
forms of other bacteria m resistance to heat and chemicals 
Biochemical Properties. Coryneboctenum diphthenae 
acid, but not gas from glucose, maltose, arabmose, and galactose 
and many strains ferment dextrm and glycerol, does not ferment 
sucrose, lactose, or manmtol, does not form mdol, although some 
mvestig^rs report a color reacUon with sulphuric acid and potas 
^ substances Nitrates are not generally 

^ced to mtntes, although positive results have been obtamed 

UtoiTmlWlfTf “ not liqueHed The organism grows “> 

litmus nulk but does not alter that medium 




tia« serum agar culture, X 2 000 
(From Nowok Oocumenta Microbio* 
logea courtesy Gustav Fischer) 
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Antigenic Structure and Toxins. The antigenic structure of 
this organism is heterogenous, that is, the numerous strains are 
antigenically distinct. These strains, in turn, can be divided into 
antigenic subtypes by agglutination technic. This heterogenity of 
antigenic structure appears to be characteristic among many other 
species of Corynebacteria. The author noted a slight cross aggluti- 
nation between one strain of C. diplitheriae (Park 8) and two strains 
of C. renale and one strain of C. pseudotuhercidosis. It is quite 
probable that antigenic fractions are common to various species of 
the genus during certain phases of growth. 

Corynehacterium diphtheriae is characterized, more than in 
any other way, by the toxin which it produces. The lesions which 
are produced in the disease are due to this powerful toxin. It diffuses 
through the body and produces lesions in numerous tissues far 
removed from the localized throat lesion of the primary disease. 
Different strains of the organism produce toxins of varying potency 
but not of different antigenic structure. The variation in the anti- 
genic structure of the bacterial cells has no relationship to the 
toxins which are liberated by the different antigenic strains. 

Diphtheria toxin is heat labile and is easily destroyed by 
chemicals. It can be attenuated, however, by formalin and pre- 
cipitated by alum with the formation of toxoid which is of value in 
immunization. 

Pathogenicity. The diphtheria bacillus is pathogenic primarily 
to man, and the disease is most frequent in the susceptible child 
population. In an infected individual the organism remains localized 
in the region of the tonsils, larynx, and upper part of the trachea. 
From this focus of infection the toxin is absorbed and spread 
throughout the body, producing degenerative changes such as al- 
buminous and fatty degeneration in parenchymatous tissues. The 
disease is, in all respects, the most perfect example of a toxemia. 

The toxin of the organism produces death in guinea pigs and 
rabbits, but mice and rats are resistant. Dogs and cats are mod- 
erately susceptible. The guinea pig is killed by doses as small as 
0.002 ml. of a broth filtrate. In this animal the degenerative changes 
found in the actual disease are observed. The guinea pig is used 
universally as the test animal in the determination of the potency 
of diphtheria and in tlie standardization of antitoxin. The unit of 
measurement of toxin is called the M L.D. (minimum lethal dose) 
and is defined as: The least amount of toxin which, when injected 
subcutancowsly, toill cause the death of a 250-pram puinea pip in 
06 hours. 

Tlie pathogenicity of C. diphtherlae for animals has been a 
subject of considerable study. Many diphtheria-like organisms have 
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been isolated from numerous animals C diphtheriae of nxi^ 
variety has been reported from horses, this is considere signin 
cant m view of negative Schick reactions in that animal Epi 
of diphtheria m man have been associated with milk supphes ^ 
often these epidemics have resulted from the contamination o e 
utensds or the milk by the dairyman or milk plant operators w o^e 
immune carriers of the organism In some instances cows have 
mcnminated Inasmuch as diphtheroid bacilli are commonly presen 
m the bovine udder, any report mcrimmatmg C dtphihena^ mus 
be substantiated by correct identification which must include 
ity tests Pfeiffer and Viljoen m South Africa found that an epide^c 
of diphtheria m a localized community was associated wi 
diphtheritic mastitis m two cows, thus emphasizmg that the bovine 
udder may become infected with this bacillus 

Immunity Recovery from an attack of diphtheria result 
durable immunity Prophylactic treatment, however, is the mo e ^ 
method of combattmg the disease For this purpose a variety o 
immunizmg products are used 

Fundamental to immunization is the determmation of the 
cepUbihty of the individual Some persons may have bad ® 
disease and have not been aware of it. The Scliick Test is us 
to detect diphtheria susceptibility In this test a small amount o 
toxm, 1/50 M L D , IS mjected mto the skm of the forearm. A po® 
tive test, that is, susceptibiUly, is characterized by a local 
of erythema at the pomt of mjecUon within 24 to 48 hours and i5 
well marked at the end of the fourth day 

The products which are used m active diphtheria irnmuniza 
tion are 


1 Toxin antitoxm mixtures (TAT) which are rarely use** 

now but were the ongmal method of von Behrmg 

2 Formol toxoid (FT), which was ongmated by Ramon and 

IS used extensively m France 

3 Alum precipitated toxoid (APT) is a precipitated tojon 

prepared by the addition of alum The toxin m this 
ration is liberated slowly mto the tissues surrounding ® 
pomt of mjection, thereby produemg a durable acUve uU' 
mumty It has an added value, m that only one dose is 
necessary 


be °f iphthena, anUtoxm 

horsjy? V, ♦ ^ ^ usually prepared by the immunization ‘ 

by tern ™ T '■y 

sLe « *Pbthena anftoxm Pi basically li 

o etanus antitoxin, which has been desenfaed m 
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chapter on toxin-antitoxin. The student is referred to this chapter. 
More detailed information can be obtained in one of the various 
texts of medical bacteriology given in the reference list at the end 
of this chapter. 

Diagnosis. Diphtheria is diagnosed by isolating and identifying 
the causal organism. The organism must be isolated in pure culture. 
Then 0.5 ml. of an emulsified growth is injected subcutaneously into 
each of two guinea pigs for a virulence test. One of these animals 
is given a protective dose of antitoxin. If the organism is C. diph- 
theriae the unprotected guinea pig will die in 96 hours and show 
typical lesions of the disease. The protected guinea pig remains 
alive. 

Corynebac/enum pyogenes 

Synonyms and History. Bacillus pyogenes, Bacterium pyogenes, 
Hemophilus pyogenes. 

Kitt, in 1890, was apparently the first to observe this organism 
in caseous pneumonia in the pig. It was isolated from the cow and 
described by Lucet in 1893. Poels, in 1897, called the organism 
Bacillus polyarthritidis because he found it in arthritis in calves. 
In 1902 Grips found the organism in swine pneumonia, and in 1903 
Kunnetnan observed it in cases of suppuration in the cow. Glage 
studied bovine and swine strains of the organism in 1903, concluded 
that they were identical, and used the name Bacillus pyogenes. 
Since that time numerous studies of the organism, isolated chiefly 
from chronic suppurative lesions in the bovine and swine but 
occasionally from goats and sheep, have been made. 

This organism had been considered to be pleomorphic and 
Gram-positive by most investigators; however, Priewe in 1911 
considered it to be related to the influenza bacillus; in fact, he 
reported that antiserum of Bacillus pyogenes agglutinated suspen- 
sions of Bacillus influenzae. The organism was first included in the 
diphtheroid group and called Corynebacterium pyogenes (Glage) 
by Eberson in 1918. 

Distribution and Transmission. Reports of this organism have 
been contributed from all quarters of the world where animals 
have been domesticated. In most cases the disease which it causes 
is chronic and occurs sporadically in the herd. Acute types of 
pneumonia in swine have been reported, however, which indicates 
that the organism may be of herd significance at times. In such 
cases transmission may be directly from one animal to another. 
In most cases it appears probable that the infection is due to the 
presence of the organism normally upon mucous membranes and 
skin. Hancock and Kelly have isolated C. pyogenes from the semen 
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o£ apparently healthy bulls Ruebke, and likewise Morgan, Joh^s- 
son and Emerson have found it to be present in the sheath ot 
normal bulls 

Jlorphology and Staining Characteristics Corynebactenum 
pyogenes is a small coccoid, pleomorphic bacillus varying rom 
0 2 to 0 3p in breadth by 0 5 to 2 Op in length Cells with swollen 
ends and those with pointed 
ends are common (Fig 322) 
The organisms are usually 
single but show a decide 
tendency to form clumps 
palisade arrangements are fre 
quently observed It is non 
motile and noncapsule pro 
ducing 

Young cultures of this or 
ganism are decidely Gram 
positive, but old cultures are 
easily decolorized It sUms 
unevenly with methylene 

blue Metachromatic granules 
are not found as frequently 
as m most of the other species 
of the group 

Growth Requirements and Characteristics This bacillus is 
aerobic and microaerophdic Growth is more abundant m an at 
mosphere of reduced oxygen tension A neutral pH is more con 
ducive to growth The optimum temperature is 37°C 

The organism can be isolated from most tissue without much 
difficulty if serum media are used Contmued growth on arUficial 
meffia is more difficult to obtam Blood agar, blood bouillon and 
^ are best suited for the mamtenence of laboratory cultures 
Tne incorporation of tellurium salts m the isolation medium 
tielpful in isolating pure cultures of the organism When coagulated 
serum plus potassium teUunte is used, the organism forms small 

^ ^ liquefied trough m 

wTi.rS" serum agar C pyogenes forms mmute dewdrop like colomes 
® colonies of streptococci (Fig 32 3) With age, boW 
serum opaque and tend to become dry 

alone organism forms a light powdery sedimen 

a of thetstUe It does not 

m organism is similar to other vegetative cells 

e survival of the organism m heavy tenacious exu 


FiG 32 2 — Corynebactacium pyeg«net, 

serum agar culture x 2 OOO (From 
Nowok Oocumento M crobiolog co 
courtesy Gustav Fischer ) 
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dates from infected tissues has been noted by Roach. This author 
observed that iodine and lysol were the best disinfectants but it 
was difficult to rid contaminated instruments of the organism ex- 
cept by thorough cleaning and disinfection. 

C. pyogenes is extremely sensitive to penicillin but the nature 
of the infectious process and the purulent exudate apparently pre- 
vent this antibiotic from com- 
ing in contact with the organ- 
ism. 

Biochemical Properties. 

Corynebacterium pyogenes 
produces acid but no gas from 
glucose, maltose, galactose, lac- 
tose, fructose, mannose, suc- 
rose, and dextrin, but none 
from arabinose, xylose, inulm, 
salicin, dulcitol, mannitol, or 
glycerol. Ryff and Browne 
have found that after cultures 
of C. pyogenes have become ad- 
justed to unenriched media, 
they have greater saccharolytic 
properties. Many of their cul- 
tures fermented arabinose, xy- 
lose, salicin, mannitol, and glycerol. Dulcitol was the only carbo- 
hydrate not being fermented. The organism does not form indol; 
does not reduce nitrates; does not form HoS; is negative to the 
M.R. and V.P. tests. The reaction on milk is distinctive. Milk is 
first acidified and coagulated, and subsequently the clot is di- 
gested and within a week the medium is clear. Gelatin is slowly 
liquefied; coagulated blood serum is liquefied; a narrow zone of 
beta hemolysis is produced around the colony on blood agar. 

Antigenic Structure and Toxins. This organism is antigenically 
homogenous by agglutination technic. Cross-agglutination with 
other diphtheroids has not been reported. A major and a minor 
antigen have been found in some strains. 

An exotoxin lethal to rabbits and capable of hemolyzing red 
blood cells has been reported by Lovell. This exotoxin likewise 
produces necrosis of the skin in guinea pigs and is lethal to mice. The 
potency of the exotoxin may be determined by a hemolysin test. 
Antitoxin may be found in the serum of animals infected with this 
organism. 

Pathogenicity. Corynebacterium pyoyenes has been isolated 
from numerous tissues in swine, cattle, sheep, and goats. In swine 
it may cause pneumonia characterized by the formation of small 



FIG. 32 3 ~ Corynebocterium pyogenes, 
colonies on serum agar, X 45, (Prom 
Nowok* Documenlo Microbiologica, 
courtesy Guslov Fischer.) 
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focal encapsulatod abscesses foUowcd by extensive caseous pneu- 
moiua Polyarthritis is also due to the organism in many cas 
In the bovme it has been found to be responsible for chronic, a 
scessmg mastitis, suppurative pneumonia, actmomycosis-UKe 
sions, abscesses in the peritoneal and thoracic cavities 
traumatism, and arthritis Coryncbactenum pyogenes ec 

found associated with abortion m bovmcs by Maxwell and y 
and Kelly In the calf it causes chronic suppuraUve pneumom , 
umbihcal infection, and arthritis It has been isolated from 
and pneumonia in sheep and goats The horse is rarely infecte wi ^ 
the organism, but Karlsson has reported the isolation, of 
case of smusitis Fowls are likewise considered resistant bu 
above author isolated it from abscesses in the head of the chic 
This organism produces subcutaneous abscesses m the ra 
and locahzes m the jornts, producing a defonnmg arthritis 
pigs and rats are resistant Abscesses are formed on the omen 
zind in the hvers of mice following intrapentoncal inocula 
Morse and co workers have found strains of the organism o 
calf pneumonia more pathogenic to mice than those from bovm 
mastitis 

Immunity The sporadic nature of the conditions produce^y 
the organism makes it difficult to observe immune animals ® 
terms and vaccines have hecn used m infected animals wilhou 
mduenemg the course of the disease Lovell has reported the 
presence of C pyogenes antitoxm m the serum of infected animals, 
and Weitz has demonstrated the presence of antitoxm m dairy coi'S 
foUowmg the mjection of alum precipiUled toxoid Weite and Lang 
ridge have reported that the mjection of toxoid decreased the mini 
ber of experimental udder infections in lactating ewes 

Diagnosis^ C pyogenes infection can be diagnosed correctly on y 
by the isolation and identificaUon of the organism The charactenstic 
morphology, colony size, and reaction on nulk are significant m 
diagnosis 

Corynebacteriuin pseudoluberculosis 

,, ^yucuyms and History Bacillus pseudotuberculosts ovts, 

no “ organism from bovme farcy which 

no doubt Corynehactenum pseudoluberculosis In 1891 
Nocar^^*^ ^ Similar organism from the kidney of a sh^ 

and to nti ’ ^ describe the organism comple 

and to observe its resemblance to the diphtheria baedlus At that 


Nocard 
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tune he called the organism Bacillus pseudotuberculosis ovis Since 
then the organism has been found to be the cause of caseous lympha- 
denitis in sheep and deer and ulcerative lymphangitis in horses, and 
m various suppurative conditions m the bovme mcluding skin lesions 
of a pseudotuberculosis 

In 1911 Buchanan called the organism Bacillus pseudotuher- 
culosis Eberson classified it with the diphtheroids m 1918 imder 
the name Corynebacterium pseudotuberculosis (Preisz) Eberson 
Distribution and Transmission. Corynebacterium pseudotuber- 
culosis is widely distributed but most prevalent m regions such as 
Australia, Argentina, New Zealand, South Africa, and the western 
United States where sheep are raised in large flocks The organism 
appears to be a skin contammant, for skin wounds caused by dock- 
mg, castration, and shearing are predisposing to mfection 

Among horses the organism is most prevalent m Europe, rela- 
tively few cases of ulcerative lymphangitis have been reported 
from the North American contment The method of transmission 
among horses is not known, although the use of a currycomb and 
brush for a number of horses may well be questioned 

This organism has been found to be the cause of pseudotuber- 
culosis of deer m the western mountain states of North America 
It IS believed to be transmitted to these animals from ground on 
which sheep are kept Lacerations on the legs of deer due to brush 
offer an excellent avenue of mfection for the organism 

Humphreys and Gibbons have shown that engorged female 
ticks {Dermacentor albipictus) harbored the organism and that by 
guinea pig inoculation larval ticks reared from such females were 
also shown to contam the organism 

Morphology and Staining. This bacillus is a coccoid to fila- 
mentous rod, 0 5 to 0 6n by 1 0 to 3 Op in size (Fig 32 4) It shows 
a tendency to form in clumps and in a palisade formation In 
natural lesions the organism is notably pleomorphic, but is uni- 
formly coccoid on artificial media Metachromatic granules are 
distinctly observed in the bacillary forms but are absent from coc- 
coid cells The organism is nonmotile and noncapsule-forming 
It is stamed easily but unevenly by the ordinary dyes and is 
Gram-positive 

Growtii Requirements and Characteristics. C pseudotuber- 
culosts IS aerobic and facultatively anaerobic It grows best at 37°C 
and m a medium adjusted to pH 7 0 to 7 2 More abundant growth 
IS obtamed by the addition of serum to culture media It can be 
isolated from primary lesions of the disease, but only a few colonies 
develop on the agar surface When these are smeared over the 
surface of the medium a uniform and abundant growth results 
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On the surface of serum agar this organism forms colonies 
which when young are typical of C diphthcriae As the co orues 
age they become opaque, concentrically ringed, dry, and crum 
(Fig 32 5) Many of the colonies are rosette-like Such wlonies 
are cream to orange colored, depending on the strain arian 
smooth strains have been observed from cultures of the organism 
These cultures are smooth and 
glistenmg and are bright pmk 
to red m color 

The organism produces a 
thick, crumbly pelhcle in 
serum bouillon The gro 
extends up on the sides of the 
tube a short distance from the 
surface of the medium Some 
of the surface growth settles 
to the bottom of the tube, 
formmg a coarsely granular 
sediment The intervening me- 
dium remains clear 

Resistance This organism 
IS typical of the group m re 
sistance 

Biochemical Propcrti^ 
Corynehactertum pseudotuberculosw is variable m fermenting abii 
ity All strains produce acid but not gas from glucose, fructose, 
maltose, mannose, and sucrose, some strains ferment galactose, 
dextrin and glycerol none ferments arabmose, xylose, rafilnose, 
lactose rhamnose, muhn, salicm, dulcitol, adonitol, mannitol, or 
soluble starch It does not produce indol, does not reduce nitrates, 
although a few positive strains are reported, forms HsS slowly 
IS negative to the M R and V P tests This organism is not pro- 
teolytic consequently it does not hquefy gelatm, coagulated blood 
serum or milk casein It grows m milk but does not alter the 
medium. The organism is slightly hemolytic, produemg a narrow 
zone of beta hemolysis Came reports that the red blood cells of 
^raals decre^e m sensitivity to the hemolytic activity of the 
guinea pig rabbit, horse and 
in fn does not have a relationship with the exotox 

in formed by the organism 

^tigemc Structure and Toxins The anUgemc structure of 
orga^ IS not known but it appears to be somewhat heterog 
guinea which is lethal for 

pigs, rabbits, and sheep The lesions produced m expert 


■ffx0k^ 

FIG 32 4 — Cerynebactenum pieude 
tuberculetis, agar culture X 2 000 
(From Nowok Ooeumento Microbio 
logica courtesy Gustav Fischer) 


the c 
enous 
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mental animals are similar to those produced by diphtheria toxin. 
In 1907 Dassonville, who was one of the first to describe the toxin, 
reported that diphtheria antitoxin neutralized the toxin of the 
Preisz-Nocard bacillus. Toxin-neutralizing antibodies have been 
reported from the horse, showing lesions of ulcerative lymphangitis. 
It has also been shown that the blood serum from normal horses 
has this property. Some horses are negative to the Schick test, and 
it is intersting to specu- 
late concerning the rela- 
tionship between this fact, 
the presence of neutraliz- 
ing antitoxin for C. Pseu- 
dotuberculosis toxin in 
horses, and the means by 
which it is produced in 
horses free from apparent 
infection. 

The presence of acid- 
fast variants of this bacil- F{G. 32.5 — Cory^nebocrerium pseudofuber- 
lus in tuberoulosis-like on = 3 ar, 

lesions of sheep and cattle 

has suggested that this type of infection may be responsible for no- 
lesion reactors to tuberculin. However, Larsen and Johnson could 
not detect any reaction to johnin and tuberculin in goats infected 
with C. pseudotuberculosis. 

Pathogenicity. Corynebacterium pseudotuherculosis causes 
caseous lymphadenitis in sheep, a disease characterized by the 
presence of caseation necrosis in the lymph glands. The lesions are 
frequently confined to superficial glands, but generalized cases of 
the disease are not uncommon in which abscesses are distributed 
throughout the body. Marsh found that arthritis and bursitis present 
in lambs in Montana during J uly and August were due to this organ- 
ism. 

In the horse the organism causes ulcerative lymphangitis, a 
disease which is confined to the lymph vessels of the extremities, 
particularly the hind legs. The lymph vessels and regional lymph 
nodes enlarge and ulceration occurs, producing a condition similar 
to the skin lesions of glanders. 

The infection in goats is similar to that in sheep. 

In deer the organism causes a disease similar in pathology to 
that in sheep witli the exception of the presence of subcutaneous 
abscesses of the extremities. 

Intravenous injection of the organism into the guinea pig causes 
death in four to ten days, with the formation of abscesses in the 
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lungs and liver Intrapentoneal injection of this bacillus 
male giunea pig produces the orchitis typical of the g an e 

bacillus . 

The magpie (Pica pica) , so common in the western moun 
states of North America, is killed within 24 hours followmg m a 
peritoneal injection of the organism 

Tmm iinity. Bactenns and vaccmes have been used to pro uce 
an immunity against this disease In recent years formalmized toxin 
(toxoid) has been reported valuable m immunizmg sheep 

Diagnosis The conditions produced by the orgamsm are so 
similar to many others that it is essential to isolate and identify e 
causal agent 


Corynebacterium renafe 

Synonyms and History Bacillus pyelonephritis bourn, Bocillns 
renolis, Corynebacterium renalts, Bacillus rerudis bovis 

In 1877 Dammann observed small bacteria m lesions of typi 
pyelonephritis of the bovme, and m 1890 Hess observed a curved 
bacillus in the urme and kidneys of cows suffermg with the disease 
Bollmger reported an organism m 1890 under the name of Bacilli^ 
renalis botis Enderlen is given the credit for being the first to c 
tivate the orgamsm upon artificial media and to describe it m , 
in 1891 In the same year Hoflich, independent of Enderlen, isolate 
and described the same organism The most complete early de- 
scription of pyelonephritis and of the organism was made by Ems 
m 1905 and 1906 This investigator pointed out the relationship o 
the organism to the diphtheria bacillus and proposed the name 
Corj/ucbactenum renalts 

Distribution and Transmission The organism is widely dis- 
tributed throughout the bovine population It was first observed m 
the United States by Boyd, m Minnesota, m 1918 Jones and Little, 
m New Jersey, studied a number of cases of the disease and the 
organi^ in 1925 and 1926 Numerous cases of pyelonephritis have 
been observed in loN^a. 


Jones and Little were able to isolate the organism from the 
\agmal mucous membrane of normal cattle Ruebke, as well as 
trZ r Emerson, have isolated it from the genital 

ascentbl?^^^ Ernst observed m his study that the infection was an 

as feedinff°”*!i ^ that certain predisposmg factors, su 

the P^®Enancy, are responsible for the establishment of 

bladder ■a.H,. the jwlvis of the kidney, the ureters, and unnary 
of the disc-. ' P*^uces pjclonephritis and cystitis Most ca^ 
which ““u" ^ter and early spring months 

bich further substantiates the importance of predisposing factors. 
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Morphology aiid Staining. Corynebacterium renale is a pleo- 
morphic rod, 0.5 to 0.7p by 1.5 to 3p in size. This organism is more 
like the diphtheria bacillus than any of the animal diphtheroids, 
although it is slightly larger. It occurs singly, but clumps and pali- 
sade formations are common, especially in direct smears from kid- 
ney exudate (Fig. 32.6), Barred cells are usually observed, and 
large, distmct metachromatic 
granules are formed when the 
organism is grown on Loeffler*s 
medium. The organism is non- 
motile and noncapsule-pro- 
ducing. 

When smears of kidney 
exudate are stained with meth- 
ylene blue the organisms are 
stained unevenly, and many 
cells with swollen ends are ob- 
served. The organism is Gram- 
positive, but the granules are 
more difficult to decolorize 
than the other part of the cell. 

Growth Requirements and 
Characteristics. This bacillus is 
aerobic and facultatively anae- 
robic and grows best in serum media adjusted to ph 7.0 to 7.2. The 
optimum temperature for growth is 37®C. 

On primary isolation upon serum agar the organism forms 
small dewdrop-like colonies. These enlarge within two days and 
become opaque and ivory colored. They are moist at first and later 
become dry but never as dry as the colonies of C. pseudotuberculo^ 
sis. The colonies are granuleir and have an uneven border (Fig. 
32.7). Although the colonies of this bacillus cannot be considered 
smooth in the sense of the Gram-negative bacteria, some may be 
designated smooth as contrasted with those which are more rough. 
In a study of the colonial phase variant of the organism, Feenstra, 
Thorp, and Gray observed that the culture designated as “smooth” 
showed the weakest fermentation of glucose, the digestion of casein, 
the least resistance to the bactericidal action of bovine plasma, and 
was the least pathogenic to rabbits. Two cultures which they 
designated as “rough” showed the most resistance to the bacteri- 
cidal action of bovine plasma and were the most pathogenic to 
rabbits. 

In bouillon a fine powdery sediment collects on the walls and 
in the bottom of the test tube. Some strains form a thin pellicle. 





FIG. 32.6 — Corynebaclerium renale, 
smear of kidney exudate, X 2,000. 
(From Nowak: Documenta Microblo- 
logka, courtesy Gustav Fischer.) 
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Resistance This organism is similar to the group m 
resistance C rcnale is sensitive to penicillin, and this an i i 
ivould seem to he a most effective agent for treating cattle altec e 
With pyelonephritis masmudi as it is eliminated though 
renal circulation so rapidly Morse has found that the S ^ 

fecUve in those cases of the disease 
which are detected in the early stages 
Bioclicmical Properties 
bacterium renale produces a s gb 
amount of acid m glucose, and some 
strains are able to attack fructose an 
mannose Many strains, however, ap- 
pear to be devoid of saccharolytic a 
ity The organism does not form in o , 
does not reduce mtrates, does no 
form H-.S, is negative to the ILR- and 
VP tests It does not heraolize red 
blood cells Some strains do not 
htmus milk while others are able 
digest casern with the formation o a 
subsequent alkalinity It is able 
split urea 

Antigenic Structure and Tosi^ 
The organism is antigenicaliy 
heterogenous, and numerous strains cross-agglulmate with bovin© 
strains of C pseudotuberculosts 
Toxins are not produced 

Pathogenicity C rcnnle causes pyelonephritis m cattle, it has 
been isolated from kidney abscesses m swme The disease is not 
prevalent and is first manifested by hemoglobmuna and the 
voiding of blood clots The mfecUon is confined to the unnary blad- 
der the ureters, and the pelvis of the kidney It may be unilateral 
or bilateral 

V pathogenicity of C rcnaje for rabbits was fast reported by 

Merlen. but the marked and typical renal pathology produced » 
described by Feenstra, Thoip, 
mlravenous inoculation of the organism these mvesU- 
Bacterial PapiUitis and pyelitis characterized by 

XTf rfaZy “ ~ “ 

larg^oS ''•ten extremely 

travenouslv ° n organism were moculated m 

the greatest showed an affinity for renal tissue where 

greatest concentration was leached in three days with a gradual 
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reduction in numbers up to the 16th day Moise and Morgan have 
found that cystitis and pyelonephritis is produced in mice 

C renale has not been found to be pathogenic for the guinea 
pig Little or no growth is obtained m the chicken embryo 

Immunity. The disease caused by this organism is not a type 
which produces immunity or responds to immumzmg treatment 
Diagnosis Smears made from the exudate present in hemo- 
globm-stamed urme from the cow reveal large numbers of this 
organism Pure cultures of the organism can usually be obtained 
from such material The fermentation of dextrose and the alkalini- 
zation of milk are considered differential characteristics 

Cor/nebactenum equi 

Synonyms and History. In 1923 Magnusson, m Sweden, 
isolated this organism, to which he gave the name Corynebactenum 
eqm, from suppurative pneumonia of a foal The same year Lutje 
recovered an orgamsm from suppurative pneumonia in three foals 
He called his organism Corynebactenum pyogenes (equt) roseum 
Dimock and Edwards, in 1931, were the first to isolate the 
organism from cases of suppurative pneumonia of foals in the 
United States Smce that time they have found the organism fre- 
quently m Kentucky 

In 1936 Holth and Amundsen, of Denmark, observed a small 
coccobaciUus in tuberculosis-hke lesions of the cervical lymph 
nodes of swme In 1938 Bendixen and Jepsen, of Denmark, found 
that the Holth bacilli were really C eqm This has been confirmed 
by Karlson, Moses, and Feldman m Minnesota 

Distribution and Transmission The distribution of C equi is 
not known because the presence of the organism has undoubtedly 
been overlooked often in the past In foals it is apparently 
confined to the Kentucky region and to eastern United States The 
presence of the organism in swine is a new discovery If the cervical 
lesions first described by Holth and Amundsen are any criterion, 
the organism is widely spread among American swine herds for 
such lesions are extremely common Karlson, Moses, and Feldman 
found it present m 23 2 per cent of 114 submaxillary lymph nodes of 
swme 

The transmission of C equi is not known, presumably it gains 
entrance through the respiratory tract m foals although hemato- 
genous origin of the pulmonary infection is possible Bruner, Dimock, 
and Edwards isolated the orgamsm from the os uteri of barren 
mares and from aborted equme fetuses This strongly suggests that 
prenatal infection of foals occurs Bendixen and Jepsen isolated the 
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organism from garden soil which introduced a sanitation problem 
as far as swine were concerned 

Morphology and Staining. C cqut is a coccoid ro me 
0 8 to 1 5p It IS extremely pleomorphic, however, and din 
shapes are observed to be more common on different media e 
udate from a typical lesion of purulent pneumoma, C ^ 
and plump On sohd culture media it is coccoid, although 

forms are present (Fig 32 8) In ni 
* media, large, swollen bacillary shapes 

^ s are most common The organism is cajv 

• * t * ^ sule-producmg, nonsporeforming> an 

% • ^ ♦ nonmotile , 

* • t C equt IS stamed easily with e 

* common dyes and is Gram-positive 
“ • Metachromatic granules are demon 


strated by a suitable stam, 


but they 






FIG 32 8 — Corynebactenum 
equi from terum agar cut 
twe, X 1.400 


are not numerous It is not acid-f^t 
Growth Requirements and Char- 
actcrisUcs This organism is 
upon any of the nutrient medi 
which is used for pathogemc organ 
isms, m fact, it grows qiute readily nP* 
on any laboratory medium It is aero- 
bic and facultatively anaerobic, 
best at 37®C, although quite abun- 
dantly at 30®C Ottosen has founu 
that suppurative exudate from cervical abscesses of 
treated with 5 per cent sulfuric acid for 10-14 mmutes and then 
inoculated onto agar plates was a satisfactory method of isolating 
C cqui. 

Colomes on solid media arc large, moist, and viscid with an en 
tire edge In 24 hours, growth is creamy-white, but as the culture 
ages It turns to pmk, and in a few days’ lime the color is a salmon* 
pi Pigmentation is accentuated when the organism is grown on 
^gulated cgg.yolk medium and is meubated at room temperature 
Whtti the organism is grovra on an agar slant, the growth is ^ 
it flows from the surface of the medium and coUects m the 
bottom of the tube Growth on tlie mverted Petri dish is sf 
beb* * some of the culture drops onto the dish 
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Biochemical Properties. Cori/iiebacterium equi is devoid of any 
ability to ferment carbohydrates although it is able to utilize glucose 
without producing an acid reaction. It differs from the other members 
of the group in being able to reduce nitrates to nitrites. The organ- 
ism does not liquefy gelatin or coagulated blood serum; does not 
alter milk; does not form indol; H 2 S forms in three to four days; 
does not react to the M.R. and V.P. tests; is catalase positive. 

Antigenic Structiure and Toxins. This organism does not reveal 
any antigenic relationship with other members of the diphtheroid 
group. 

Bnmer, Dimock, and Edwards demonstrated by comple- 
ment fixation tests that the organism possesses species-specific 
and type-specific antigens. By using agglutination and precipitation 
tests, these investigators were able to divide the strains of C. equi 
into four main serologic types. Cultures from the genital tract of 
mares, from aborted equine fetuses, and from pneumonia of foals 
were found to belong to the same serologic type. In their studies of 
swine strains, Karlson, Moses, and Feldman observed antigenic 
heterogenity with the agglutination test; however, in the comple- 
ment fixation test, with an antigen treated with acid and heat, the 
typical swine strains appeared antigenically homogenous. The type- 
specific component of the antigen is destroyed by acid and heat. 

The antigenic heterogenity of the organism has also been 
emphasized by Ottosen who has reported six major groups in the 
study of 217 strains. 

The organism is not toxin-producing. 

Pathogenicity. C. equi is capable of producing bronchopneu- 
monia in foals. The pneumonia is accompanied by the formation of 
small abscesses scattered throughout the lung tissue. Abscess for- 
mation is also observed in the mediastinal lymph glands, and in 
some cases lymph glands in the peritoneal cavity are involved. 
Subcutaneous injection of the organism produces an abscess filled 
with typical, thick, yellow pus. Installation of the organism into the 
upper air passages of the foal may not reproduce the disease, 
although Magnusson reports that it is possible to produce infection 
by intratracheal inoculation. Flatla has found that C. equi infection 
can be produced experimentally by feeding cultures of the organism 
to foals. In the infected animal extensive ulcerative enteritis was 
observed and abscesses were present in the mesenteric lymph nodes. 
This author considers the infection as primary in the intestinal tract 
with metastasis to the lungs. C. equi has been isolated from the os 
uteri of barren mares and from the fetuses of mares which have 
aborted. 

In the pig, C. equi is associated with small, soft, encapsulated 
abscesses which are commonly found in the submaxillary lymph 
glands. Bendixcn and Jepsen have been able to reproduce abscess 
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formation by the subcutaneous moculation of the organism into pigs 
Plum has emphasized that the differentiation of C cqut infection m 
pigs from tuberculosis is only possible by microscopic examination. 

Experimental animals, mcludmg the gumea pig, rabbit, and rat, 
are resistant to C equt Bruner and Edwards have found that this 
organism is able to kill 10 day-old chick embryos withm 4 to 6 days, 
thus makmg available an experimental animal not hitherto availab e 
for the organism. 

Immunity. No data are available concernmg the immu^y 
produced by the orgamsm either naturally or artificially The 
sporadic nature of the infection elimmates any great need of mi- 
munizmg agents 

Diagnosis Infection produced by C equi can be accurately 
diagnosed only by the isolation and identification of the organism 
Such characteristics as morphology, viscid pigmented growth, lack 
of carbohydrate fermentation, and marked nitrate reduction are 
considered outstandmg and most valuable 

Miscellaneous Corynebacterio 

The diphtheroid organisms form a large group of bacteria which 
are rather common on the mucous membranes and skin of man an 
animals In man the identification of the various species is essenti^ 
in order to arrive at a correct diagnosis of diphthena In animals 
Ae presence of other diphtheroids may confuse the diagnosis of the 
diseases which are known to be caused by certam species. The 
isolation of a diphtheroid organism may lead to a false diagnosis m 
^me cases The ubiquity of such bacteria emphasizes the need of 
the careful study of numerous strains of an organism before con- 
clusions of etiologic relationships are made 

orynebaclena have been isolated from pulmonary abscesses 
m mice, om throat lesions m chickens and other birds, from the 
AT ° horses, and from abscesses m numerous 

nf these orgamsms have been considered the causes 

It is appare^. 

m the future^ ° species of Corynebacteria may be recogniz 

■t specifically identified as yet, although 

has been foi A * ''"fii *ho C pseudodiphthenticuvi of man, 

^.Tatort'" ^heep by numoro;^ 

the cause of nuta^ ifoscnbed by Ray who considered ‘f 
cate that Unpublished reports m*' 

m treating intected'hrr£'^ organism are of definite valu 

ho Co^,!^ ebact^' reported the isolaUon of an orgi®^, 


me isoiauon ot ail - , 

metntts from female rabbits Chie 
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symptoms were fever, loss of condition, unsteady gait, partial paral- 
ysis of the hmd limbs, congestion of the vulva, and a muco-purulent 
discharge Abortion occurred frequently The significant lesions con- 
sisted of petechial hemorrhages of the vaginal mucous membrane 
and vulva, enlargement of the uterus and abdommal lymph nodes, 
and small multiple areas of abscessation and necrosis in the liver 
Seventy-five per cent of the affected animals died or were destroyed 
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The Genus Mycobacterium 


One outstanding characteristic diiTerentiates the organisms m 
the genus Mycobacterium from other bacteria When any of the 
members of this group are stamed with a suitable dye, such as carbol 
fuchsm, they are not decolorized hy the action of acids diluted m 
alcohol This property has led to the designation octd fast for this 
group of microorganisms In addition to this characterisUc, the 
Mycobacteria are recognized as slender rods which may be swoUen, 
beaded clavate and branched They are strictly aerobic and grow 
slowly on artificial media 


Acid fast bacteria are widely distributed m nature, a few are 
pathogenic for man and animals, some are parasiUc and pathogenic 
or CO coded animals and others are saprophytes found m ani 
mat excretions and tissue and m the sod The foUowing species are 
conveniently listed m the three categories 


Species pathogemc for man and animals 
Mycobactenuvx tuberculosis is composed of two varieties 
human type causes tuberculosis in man, an 
e ovme type is pathogemc, pnmanly, for cattle 
yco actenum autum is the cause of tuberculosis m the 
avian family 


Mymbactenum pamtuberculosis causes parahiberculosis, 
otherwise known j baclUary 


poTOtuoercuiosis causes 
otherwise known as Johne's disease or > 

^sentery, m cattle and sheep 

leprae is considered to be the cause ' 

leprosy m man 

'‘’"■“""“'tutu IS the cause of leprosy whid 
occurs m wild rats 

foun^ ® 

tuberculosis^ ^o e in which it produces lesions typical o 


tow chapter Rod 


H. Feldman, Division of Expenineo 
Minn, for his aid in the revision 


tal 

of 


fS243 
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B. Species parasitic and pathogenic for cold-blooded animals. 
Mycobacterium piscium is pathogenic for frogs, toads, 
turtles, lizards, snakes, salamanders, and carp. 
Mycobacterium marinum has been isolated from necrotic 
areas in the livers of salt-water fish. 

Mycobacterium raiiae is found in the livers of frogs. 
Mycobacterium clieloni is found in the lungs of turtles. 
Mycobacterium thamnopheos has been isolated from garter 
snakes and probably from other snakes. 

C. Saprophytic species. 

Mycobacterium lacticola includes a number of strains of 
saprophytic bacteria which have been known under other 
species names (see Bergey’s Manual, p. 888, 1948). The 
organism is found in butter, bovine manure, human and 
canine smegma, and in rat feces. 

Mycobacterium phlei is widely distributed in hay, grass, 
and in the soil and dust. It was originally isolated from tim- 
othy hay and is commonly called the timothy hay bacillus. 

The student in veterinary bacteriology is primarily interested 
in the pathogenic species of Mycobacteria; however, it must be re- 
membered that saprophytic species do exist, and that from the point 
of view of identification they may lead to confusion. The species 
which produce disease in cold-blooded animals are of especial in- 
terest to naturalists and others concerned with the diseases of 
zoological specimens. 

Mycohacfer/um tubercu/osis and Mycobacterium avium 

Synonyms and History. Bacillus tuberculosis, Mycobacterium 
tuberculosis var. hominis, var. bovis, and var. avium. 

The tubercle bacillus and tuberculosis of man and animals 
have been studied more than many of the other organisms and 
diseases combined. Entire books are written on the subject, and 
entire journals are devoted to past and current literature. 

Tuberculosis is one of the oldest diseases of which there is any 
record. References are made of the disease in the earliest literature, 
and Egyptian mummies show lesions of the infection. The conta- 
gious nature of the disease was recognized by early peoples, and it 
was but natural that some confusion existed between tuberculosis 
and such diseases as syphilis during the middle ages. 

The first successful transmission of the disease was obtained 
by Klencke in 1843 when he produced tuberculosis in rabbits by 
the intravenous inoculation of tuberculous tissue. Conclusive proof 
of the infectiousness of tuberculosis was contributed by ViUemin in 
1865 and more completely m 1868, when he produced the disease 
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m the rabbit by inoculation with human and bovme tuberculous 
tissue He was the first to demonstrate the dilTercnce in the resist- 
ance of the rabbit to the human and bovme organisms ViUenua 
concluded that (1) tuberculosis is a specific disease, (2) it is cause 
by an moculable agent, (3) it can be transmitted from man to 
rabbit, (4) it is one of the virulent diseases 

The announcement of the discovery of the etiology of tuber- 
culosis by Robert Koch in 1882 stands out as the most important 
contribution to the study of this disease It was this discove^ 
which opened the doors to others who have contributed to 6 
subject smee that tunc 

Robert Koch succeeded m staming the tubercle bacillus 
a lk a l me methylene blue with vesuvin as a counter-stain ® 
was able to cultivate the organism on coagulated blood serum, 
and he proved the etiologic relationship of the organism fo 
the disease by animal inoculation During the early years of his v-or i 
Koch considered that the human and bovine organisms were identi 
cal Ehrhch is given credit for havmg shown the acid-fast character 
istics of this organism in 1882 His staining lechmc was later adopts 
by Koch In 1890 Koch prepared a concentrated glycerm-bro 
extract of the tubercle bacillus This he called tuberculin, and n® 
Hoped that it would serve as a protective and curative agent m the 
dise^e Injection of tuberculin into infected ammals, however, 
produced characteristic reactions, and it was soon realized that tbe 
substance was a valuable diagnostic agent instead of a curative one 
In 1872 PauUcki observed the similarity between avian tuber- 
c^osis and the human and bovme disease Koch, however, con* 
SI ere that birds were infected with the human or bovine 
organism Littie significance was attached to the avian disease un^ 
^volta m 1899, Strauss and Gamalcia m 1891, and Maffucci m 1892 
and b^m^e t^r organism was different from the human 

strait Smith revealed that the human and 

glycerm e bacilli could be separated by growth on acidifie 

slowly and d o showed that the bovme strains grew mo 
not accented difference 

controversy o ^ school, consequently, considerab 

that the hiLan ^ subject existed until 1901 when Koch admitted 

Mt/cofcrt t ^ ovme bacilU represented different types 
typenrL'!!?""^ can be considered to include 

classification hi ’ and the avian Present day 

for the mannnaw'^^ Mycobacterium g 

les. and divides it mto the human and hovi^ 


vaneties, and uses the 


name Mycobacterium a 


I for the organism 
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found in chickens and related animals. This distinction will be 
followed here, but for convenience of discussion the avian organism 
will be considered with the bovine and human types. 

Distribution and Transmission. Mycohactenum tuberculosis is 
distributed throughout human and bovine populations in most parts 
of the world. The disease is one which is introduced by civilization. 
It is rarely found in native peoples of a country unless it has been 
introduced by those from the old world. Bovine herds are com- 
paratively free of the disease in countries thinly populated by that 
animal. Crowding appears to be a definite factor in the prevalence 
of tuberculosis. In man the disease is most common in heavily 
populated cities and in people living in an insanitary environment 
and in close contact. In cattle the disease is most frequent in ani- 
mals stabled together or kept in close contact in pens. This fact has 
been emphasized during recent years when it has been revealed 
that tuberculosis among cattle in the southern part of the United 
States is comparatively rare except in herds of work oxen which 
are stabled together. Avian tuberculosis is prevalent in chicken 
flocks of most countries of the world. In the United States the 
disease is most common in the middle western states surrounding 
the Great Lakes. It is a disease prevalent in temperate zones, prob- 
ably because of the necessity of the housing of animals during unfav- 
orable weather. 

Among human beings, the organism is transmitted by sputum or 
other exudate containing the bacilli. This is illustrated by the 
prevalence of infection in families; in fact, the ease by which the 
infection becomes established in families has given rise to the belief 
that it is inherited. Tuberculosis is not inherited, but family pre- 
disposition and close contacts make it appear to be. It is obvious 
that coughing, sneezing, spitting, the contamination of the hands by 
mouth and nasal exudates, as well as the handling of food and 
cookmg utensils by a person with open lung lesions of tuberculosis 
are means of transmitting the organism. 

Among cattle the bacillus is transmitted through the feed and 
in some cases water. Pulmonary exudates in the bovine are usually 
swallowed; hence, the organism passes willi the feces and contami- 
nates the ground and feed. The organisms may be washed from 
the mouth while the animal is drinking and in this manner con- 
taminate the water tank, 

Tlie bovine type of the organism is pathogenic to man. Cases 
of bovine tuberculosis in man may be caused by drinking milk 
from a cow with tuberculous mastitis or milk which has been con- 
taminated with bovine fecal matter containing the organism. Swine 
may be infected willi the bovine typo of bacillus by feeding in the 
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same lot with tuberculous cattle and with the human type by feed- 
ing on garbage from tuberculosis sanatoria or residences housing 
human cases 

Tuberculosis is spread through the avian family by the medium 
of feed and water contammated with fecal material Swme obtain 
the avian organisms by contact with infective droppmgs and by 
eatmg diseased chickens 

Morphology and Staining. Mycobacterium tuberculosis is a 
slender rod, 0 2 to 0 6p m diam- 
eter by 1 5 to 4[r m length. 
The bovme tsrpe of the organ- 
ism IS considered to be shorter 
and thicker than the human 
forms, but this cannot be taken 
as a definite diagnostic 
non because strains of both 
types show variation m size 
(Figs 33 1 and 33 2) The or- 
and 
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Flo 33 1 — Mycobdct«rium tub«rcuIo> 
»i» vofiely bovi», glycerin bouillon 

umenTo M i Nowok Doc 

omenta Mierobiologico, cowriejy Gos- 
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ganism is uneven in size, 
forms ranging from coccoid ^ 
filamentous are frequently ob- 
served m the same culture 
Mycoboctenum avium is sim- 
ilar to the human and bovine 
types, although it is considers 
more pleomorphic It is usually 
uniform in size m smears ma e 
from Reefed tissue (Fig 33 3), but on artificial media short 
coccoi cells and long, beaded filaments are common The nature 
ot these filaments was observed by Bneger and FeU by growmg 
the avian tuherde bacilli m a hangmg drop of dilute chicken em- 
ryo extract on a warm-stage The colonies develop as follows 
1/ 1 elongate mto filaments (b) The filaments 

mulbply by ordinary fission and also by formmg fine, pm-bke ter- 

vision?K°“r independent baciUi (c) After di- 

^.on &e daughter filaments usually remam in contact at the 
former rl termmal growth contmues at an angle to the 

structure^Tdf^'^^^ acquires its charactensUc 

creasintfUr ^ ^ i ® colony enlarges and ramification becomes m- 
ETowth decCf ™ n'”“‘ ‘’''= ‘ncubation when 

ferred to ^ bacilli remam filamentous (e) When trans- 

eelial colomes^a normal concentration, the pseudomy- 

foUowed bv d, flfrough a phase of filamentous proliferation 

by dfsmtegration of the filaments mto short, discrete rods 
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Bloch has observed that tubercle bacilli grow in the depth and 
likewise on the surface of liquid media forming tight bundles or 
strands of bacilli in close parallel arrangement. Although Koch 
first described this characteristic, Bloch has associated it with the 
virulent strains of tubercle bacilli. When such cultures are treated 
with petroleum ether the strands of bacilli disrupt revealing the 
hpid nature of the substance which causes individual cells to ad- 
here. 

Tubercle bacilli are nonsporeforming and nonmotile. Extremely 
pleomorphic types of tubercle bacilli have been described. These 
forms range from small filtrable granules, diplococcoid shapes, 
diphtheroid shapes, to normal-sized bacilli. Such strains have led 
some investigators, such as Kahn and Mellon, to describe a compli- 
cated life cycle for this organism. Filtrable stages of the organ- 
ism have been claimed on the basis of the production of disease 
by the injection of filtrates. The passage of a few bacterial cells 
through a filter is considered probable and at the present time 
an ultramicroscopic, filtrable stage of the organism is doubted. 

In old cultures and in caseous lesions of the disease it is often 
possible to demonstrate large granules in many tubercle bacilli. 
Much, in 1908, was the first to describe these Gram-positive gran- 
ules which he considered to be indicative of non-acid-fast tubercle 
bacilli, and for that reason they are known as “Much granules.” 
Apparently they are a normal structure, but their significance is 
unknown. It has been suggested that they represent a collection 
of nuclear material, and Fontes believed that they extruded from 
the cell and gave rise to normal bacilli. 

The most important staining characteristic of this organism is 
its resistance to acidified decolorizing agents. This resistance or 
acid-fast nature is due to the presence in the organism of a waxy 
and fatty substance which prevents the ready adsorption of dyes. 
In order to stain the bacillus, smears must be placed in hot staining 
solutions or remain in contact with the stain for several hours. The 
heated stain is quicker and therefore preferable. Numerous stain- 
ing technics are available for staining this organism, but the Ziehl- 
Neelsen stain is one commonly used in most laboratories. 

Yegian and Baisden have observed that the beaded character- 
istic of tubercle bacilli is more clearly portrayed by adding 10 per 
cent sodium chloride to the basic fuchsm. 

The normal tubercle bacillus is commonly recorded as Gram- 
positive; however, during recent years Kretschmer has shown that 
tubercle bacilli devoid of waxy, lipoidal material are Gram-nega- 
tive. It is apparent that the normal organism is Gram-positive by 
virtue of the waxy material it contains. This Gram-positive char- 
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actemtic is altered by defatUng substances The reaction to the 
Gram stam is of bttle significance in the study of this group, an 
this staining technic is rarely, if ever, used 

Growth Requirements and Characteristics Mycohactenum 
tuberculosis requires aerobic conditions for artificial growth 

The optimum temperature for growth is 37°C , althou^ 
the organism does grow slowly at a temperature as low as 3 
Avian tubercle bacilh grow well at temperatures between 25 an 
45® The human and bovine 
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strains of tubercle bacilh differ 
in the optimum pH for growth. 
Human strains grow best m a 
medium adjusted to pH 7 4 to 
80 while bovme strains grow 
best at a pH of 5 8 to 6 9 Avian 
strains prefer a shghtly al a- 
Imc medium 

Tubercle bacilli can e 
cultivated upon artificial media 
directly from infected tissues 
but the organism frequently is 
not present m a pure culture 
Various methods have been 
devised to overcome the 
ence of contammants whic 
grow more rapidly than ^ 
bercle One of the methods 
which IS commonly used is to add a 5 per cent soluUon of oxaho 
acid to the tissue or exudate, shake the tube vigorously and allow 
It to stand for about 30 mmutes Sterile water is added and the 
tube containmg the specunen is centrifuged The supernatant 
tiuid IS ^ured off without disturbmg the sediment This sediment 
IS then seeded” over the surface of four slants of suitable culture 
mediim Tubercle bacilh are usuaUy numerous m the sediment 
acid “<= unaffected by the oxalic 

acid while other bacteria are destroyed 

sodii.m'^’^ fitot a 10 per cent solution of tn 

acrdTafr'’ hydroxide or oxaho 

for tbe Ti/ contaminating bactena m samples to be examine 

m rmiw , Tr "Th® ’“o trisodium phosphate 

bactena which mdicated by Van Vranken. Many of the 

uve COCCI. “ tuberculous exudate are Gram posi- 

coagulated me^, °s'^ incorporation of gentian yio'®' “ 


FIG 33 2 *-Myc«boctenum tgberculo- 
SI* variety hominis gtyeerm potato 
culture X2 000 (From Novrok Doc 
umenfa Microbiologiea courtesy Gws 
tov Fischer) ' 


poslUve organisms but 


®Eg, prevented the growth of Gram 


allowed the growth of tubercle bacilh- Gen' 
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tian violet and malachite green are now commonly incorporated in 
media used for the isolation of tubercle bacilli. 

The growths of the various types of tubercle bacilli on solid 
media have many characteristics in common. On a coagulated serum 
medium, for example, the human, bovine, and avian strains produce 
a dry, wrinkled, yellowish growth. On many specialized media, 
however, there are sufficient differences between the three types 
for identification. On egg-yolk agar medium, the human type pro- 
duces a dry, rough, crumbly 
growth; the bovine type pro- 
duces a scant, dry growth even 
after prolonged incubation; the 
avian type produces a smooth, 
moist, grayish-white growth 
(Fig. 33.4). Glycerin is com- 
monly incorporated into many 
of the media used to cultivate 
these organisms. It was first 
used to prevent undue desic- 
cation during long periods of 
incubation. This substance, 
however, is definitely stimulat- 
ing to tubercle bacilli, espe- 
cially the avian strains, which 
grow readily and abundantly 
m media to which it is added. 

The human strains grow well on glycerinated media but not as 
abundantly as do avian strams. The amount of glycerin ordinarily 
incorporated in media for the growth of human strains retards the 
growth of bovine strains. This chemical is usually omitted from 
media intended for the cultivation of bovine strains. Boissevain 
has shown that bovine strains grow abundantly on synthetic 
medium to which 0.1 per cent pyruvate is added. 

Wohlers and Dehmel have found that Petragnani's medium 
and Besredka’s bouillon are satisfactory media for the differenti- 
ation of the three varieties of tubercle bacilli, described below: 

Human Type 

Petragnani viedium: luxuriant, dry, crumbly growth with 
yellow coloration of the medium. , 

Besredka bouillon: crumbly deposit. 

Bovine Type 

Petragnani viedium: delicate, light yellow, glistening growth, 
later green-colored. 

Besredka bouillon: crumbly deposit. 



FIG. 33.3 — Mycobacterium avium, tis- 
sue smear, X 2,000. (From Nowak: 
Documenta Microbiologica, courtesy 
Gustav Fischer.) 
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Avian Type 

Petragnani medium rapid, moist slimy growth with budh s 
elevations, sometimes yellow coloration of the culture 
Besredka bouillon slimy, tufllike growth 
The relative ease with which the growth of each of the three 
types of bacilli is miscible m 
salt solution is considered of 
differential significance The 
avian type forms a uniform 
homogenous suspension m 
salt solution, but the human 
and bovine varieties are no- 
toriously difficult to put mto 
suspension 

In fluid media, such as 
3 per cent glycerin bouillon, 
the three types present some 
differences The avian cul- 
ture forms a soft, viscid pel- 
hcle on this medium, and as 
the culture ages stalactites 
extend from the pellicle and 
a viscid sediment forms 
in the bottom of the flask 

The bovine and human 33 4 — The three types oi ‘''fj'-i, 

strams produce a thick ‘‘“"’d avion 

, UULK, lef, Jj, bovine, human, and avi 

nimbly, yellowish pellicle, (From Feldmon, Avion Tuberculosi* j 
parts of which fall to the courtesy Williams & WiIk'o* 

toltom of the flask, forming a granular sediment Slightly acii 
e , g ycerm bouillon is rendered more acid m reaction by the 
growth of human strains, while an alkaline reaction is produced 
tuh^*! growth of strains of the 

ahund ® tis used for the manufacture of tubercuhn is 
Me“tS (see chapter on Technics and 

'^“‘““hatches of this medium were found to be un- 
m ^uar^ ‘ubercuhn manufacture because of the variaUon 
trace ou=m! ““‘<l“able study, Baisden found that, when 

satSacm^ lr m added to the medium, 

barium boron°'^ l minerals added were aluminu^ 

denr.’mretXtTr'^*’ 

ResistanrA mu ’ strontium, and zmc 

culo&is increases i J a bpid substance in Myco tub^' 

to other nonsnnrop ®s^tance to conditions which are detrirnen 
date which becom types of bacteria When present m exu 

comes thoroughly dried the organism may be viable 
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for months. Although direct sunlight kills the bacillus after a few 
minutes exposure, much of the animal exudates and fecal matter 
in which the organism is present, usually protect it from the direct 
rays of the sun. The tubercle bacillus remains alive in putrefying 
material for months, consequently it is hazardous to spread manure 
on pasture land if such material has come from tuberculous animals. 
Well-rotted manure is considered free of the organism. Watering 
tanks may remain contaminated for months if the bacillus has been 
introduced into them by infected animals. 

The necessity of thorough disinfection of barns and chicken 
houses following the removal of tuberculous individuals is a funda- 
mental and difficult procedure in the eradication of tuberculosis. 
Previous to the application of a disinfectant all litter must be re- 
moved and burned. The tubercle bacillus is quite sensitive to high 
temperatures, so live steam is an effective sterilizing agent for solid 
surfaces. The cresol compounds in a 2 to 3 per cent solution are 
effective against this organism. Sodium hydroxide or lye in the 2 
per cent solution which is so effective against some bacteria and 
viruses cannot be relied upon to kill tubercle bacilli. In fact, exu- 
dates to be examined for the presence of Myco. tuberculosis may be 
treated with 3 or 4 per cent sodium hydroxide in order to destroy 
contaminating bacteria but not tubercle bacilli. 

Alcohol has been found to be an effective disinfectant against 
tubercle bacilli Smith has demonstrated that these bacilli in water 
or sputum suspension are killed in 15-30 seconds in absolute, 95 per 
cent and also in 70 per cent alcohol. Bacilli in smears dried from spu- 
tum or water suspensions were usually killed by 50 and 70 per cent 
ethyl or 30 to 80 per cent isopropyl alcohol in 1 to 2 minutes, some- 
times in 15 to 30 seconds. He concluded that 95 per cent alcohol is best 
for wet surfaces, 50 per cent for dry, and 70 per cent for wet or dry 
surfaces. 

Laboratory cultures of tubercle bacilli under optimal condi- 
tions usually remain viable for at least six months, but it is ad- 
visable to transplant cultures at more frequent intervals to assure 
viability. Since these organisms must be incubated longer than 
more rapidly growing bacteria, the media which are used must be 
protected against desiccation. It has been noted that glycerin which 
has important nutrient qualities for human and avian types of 
tubercle bacilli reduces the rate of dissociation. Such media as 
coagulated egg yolk and blood serum do not dry out rapidly, and 
they are nutritionally adequate for cultivation purposes. This is 
especially true of Dorset’s egg medium or modifications of it, one 
of which is given in the chapter on laboratory methods in this text- 
hook. Laboratory media may be incubated in a chamber in which a 
high humidity is maintained. Screw cap tubes or small bottles that 
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reduce evaporation to a minimum arc commonly used 
tubes may be opened and a few drops of sterile water may be a c 
m order to mamtain a moist atmosphere Sealing lubes with pa n 
or with rubber cops to prevent evaporation although commo y 
done IS not conducive to maximum growth of this organism because 
of the reduction m oxygen tcnsiom 

The value of chemical agents in the treatment of mammauan 
tuberculosis was first shown by Feldman, Hinshaw, and Moses m 
1940, when the beneficial action of p, p'-diammodiphenylsulfone-* » 
H'-didextrose sulfonate, otherwise known as promin, was observe 
m experimental tuberculosis m guinea pigs Smcc that lime other 
sulfone derivations have been proven to inhibit the development o 
tuberculous lesions m the gumca pig 

The discovery of streptomyem by Schatz, Bugie, and Waksman 
in 1944 and the demonstration of the bacteriostatic eflect of this 
agent against experimental tuberculosis in guinea pigs by Feldman 
and Hinshaw, m 1944, are significant dates for students of tuber* 
culosis to remember Since that Umc streptomycin has been proven 
a valuable adjuvant m treating certain types of tuberculosis in man. 

The usefulness of streptomycin m treating clinical tuberculosis 
in man is somewhat cucumscnbcd due to the emergence during 
treatment of strains of tubercle bacilh resistant to different anti* 
biotics It seems to have been established that m tuberculous in- 
fections m man the tubercle bacilh are prcdommantly streptomycin* 
sensitive when treatment is begun However, after the paUent has 
received streptomyem for variable periods of Ume— from a few to 
several weeks— streptomycin resistant variants may represent the 
i^jonty of the tubercle bacdli present This phenomenon can b«t 
be explamed by the observaUons of Pyle that even m patents who 
nave never received streptomyem a few streptomycm-resist^t 
occur Unless these resistant variants are suppressed by 
concomitantly, there may emerge 
te resistant to streptomycin. The use of pnra* 
sabeyhe acid-mentioned below-m combinaUon with strep- 


appears to have a considerable effect in curtailing 


*«"«■ res.sla,>t to streptomjem. 
th" book ^ ", by Feldman and Karlson m 

by w£mf P'=>«-eal AppUcaUens," edited 

by w^man, tor further reading on thia subject 
has beenllJlJlJd <PAS). fet decribed by Lehmann, 

treatment of tube ““Plemcnt the action of streptomyem m th 
mycm resistant t compound is effective on strep^ 

two chemicals wherT^ °*'ganism and there is evidence that the 


used together, are more effective in the treat 
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merit of tuberculosis than either one alone. Furthermore, the oc- 
currence of streptomycin-resistant strains is prevented or delayed 
when the two compounds are used together. Although the occur- 
rence of PAS-resistant strains has been observed, they occur less 
frequently than those which are resistant to streptomycin. 

Numerous compounds have been discovered which inhibit the 
growth of Myco. tuberculosis in vitro, but are too toxic to be used 
in treatment. This organism is not sensitive to penicillin. Aureo- 
mycin has been found ineffective in the treatment of tuberculosis. 
Neomycin is active against Myco. tuberculosis in vitro and in 
animals. However, preliminary observations in the clinical use of 
this inadequately studied antibiotic indicate that in tuberculosis its 
toxic potential definitely circumscribes its use for any prolonged 
period of time. Its further use in clinical tuberculosis is problematic. 

Biocheniical Properties. Surprisingly little data are available 
concerning the biochemical activities of the tubercle bacilli. Human 
and avian strains have been known to produce a slight acid reaction 
in glucose, maltose, trehalose, and glycerol. Tubercle bacilli are 
catalase-positive, and some strains form a slight amount of HnS. 
The methyl red and Voges-Proskauer tests are negative. Growth 
of the organisms occurs in milk, but the medium is not changed in 
appearance. 

Antigenic Structure and Toxins. The acid-fast bacteria can be 
divided into the mammalian, avian, cold-blooded, and saprophytic 
types on the basis of agglutinin-absorption and complement-fixation 
tests. It has been found that the common agglutination reaction is not 
sufficient to separate the three types of tubercle bacilli. This indi- 
cates that they must share a common antigen. Agglutinin absorp- 
tion, however, distinguishes the mammalian from the avian strains. 
The human and bovine varieties of Mycobacterium tuberculosis 
have been shown to be antigenically similar by cross-tuberculin 
reactions. The avian tubercle bacillus, Mycobacterium avium, how- 
ever, is distinctly different. The avian organism can be subdivided 
into three groups on the basis of the complement-fixation reaction, 
but the human and bovine varieties are antigenically homogenous. 

The nature of the toxic substances produced by tubercle bacilli 
in the natural disease remains unknown. The most important re- 
action produced by the end-products of bacterial growth is the 
allergic reaction observed in sensitized individuals following the 
injection of tuberculin. This reaction and its significance will be 
discussed later in the chapter. 

Pathogenicity. The three types of tubercle bacilli are char- 
acterized by their pathogenicity for the three hosts — human, bovine, 
and avian. In addition to the primary host each type is able to pro- 
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ducc disease m otlier species o£ animals For the sake of clarity the 
pathogenicity of the Uirce types will be considered separately 
fllycobactcnum tuberculosis \ar horninis — ^The human type o 
tubercle bacilli is primarily pathogeme for man, anthropoid apes, 
monkeys and certain of tlic parrots. It has been found to be pat ^ 
genic in naturally infected bovincs by Feldman and Moses and y 
Tice A rather extensive infection of cattle by the human type o 
the baallus was reported by Hillcrmark, m Sweden, in which the 
organism was isolated from cattle which had been m close contact 
with persons having open lesions of tuberculosis Although this is 
not considered to be a frequent occurrence m the United States, it 
IS obvious that tuberculous people must be kept out of contact wi 
cattle for if this is not done, this may be one source of persistent 
tuberculm reactors in a herd 


The human type of the organism is also pathogenic for swine 
The lesions produced in that animal are generally confined to the 
lymph nodes of the mesentery and the cervical region and are 
found, for the most part m hogs which are fed uncooked garbage 
Tuberculosis of any type is rare m the horse and most cases 
are due to the bovme type of the organism The human type has 
been recovered from horses (see Table 33 1) The same is tru® 
of sheep and goats Birds other than the parrot, are resistant to 
the human stram Parrots are known to become infected after long 
years of close association with a tuberculous person House dogs 
l«pt in close contact wnth human cases may become infected w’ltb 
toe organism. Verge (Table 33 1) indicates that the human type is 
found more frequently than the bovme, due to greater possibihty 
for infection with toe human type of the organism, and not due to 
^ater resistance of dogs for toe bovme type than for the human 
type of the bacillus This author found tuberculosis of dogs most 
prevalent around coffee stalk, wme shops, and restaurants m 
ir^ce where the pavement may be soiled with human sputum 
^ats Me generally considered highly resistant to the human stram 
by both experimental and natural mfection but according to Verge 

are but slightly sus 

S ^ “^®®tod they rarely succumb 

meSll »luch com. mto use m expen 

guinea ms ^ found to be as susceptible as t e 

gtnnea pig to the human type of the organism accordmg to Glover 
produems^r^'* nru h,gijy susccpuble to human tubercle hacilh 

tually fald dL°^* '’“‘■iiinely smaU doses an irreversible even 

given subciitrTi^^? doses of tubercle bacilli of the human typ® 

luberculous mfccton mth 

wnthia a relatively short time 
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Mice can be infected with the human type of the organism, and 
by intravenous inoculation marked lesions are produced in the 
lungs Susceptibility vanes with the stram of mice used (Raleigh 
and Youmans) The albino rat is generally considered to be mark- 
edly resistant to this oigamsm Significant lesions have been pro- 
duced, however, by mjectmg 5 mg doses of bacilli intraperitoneally 
into that animal 


TABLE 331 

Prevalence of Various Types op Tubercle Bacilli in Dosiestic Animals— Verge 


Animal Species 

Number! 

of 

Type 

Isolated 

Human 

Bovine 

Avian 

Atypical 

Horse 

112 1 

11 

90 1 

10 

1 

Sheep 

270 ! 

1 

269 



Goat 

54 

1 

52 

1 


Pig 

3418 ! 

08 ; 

1196 

2 061 

63 

Dog 

603 

392 

200 

2 

12 

Cat 

132 

1 

G 1 

126 




Mycobacterium tuberculosis var bovis — This organism is pri- 
marily pathogenic for cattle, but swme are readily infected when 
in contact with tuberculous bovmes Cases of tuberculosis m horses 
and sheep have been reported as due to the bovme orgamsm, but 
these animals are generally considered resistant to the orgamsm 
Cases of bovme tuberculosis also have been observed m dogs and 
cats Chickens are resistant to the bovme bacillus, but parrots and 
related birds are highly susceptible 

The pathogenicity of the bovine tubercle bacillus for man has 
been recognized as a public health problem m all countries where 
milk and milk products are important articles of food In the United 
States this danger to health has been reduced to a mmimum, due to 
the eradication of tuberculosis from cattle herds and to the wide- 
spread pasteurization of milk Children under sixteen, years of age 
are most susceptible to bovine tubercle bacilli, and in them the 
orgamsm usually produces lesions of a nonpulmonary natuie 
However, in sections of the world where infections due to the 
bovme type are common a significant percentage of pulmonary 
tuberculosis is reported The tissues most commonly mvolved are 
the cervical and abdommal lymph nodes and the bones, although 
generalized tuberculosis is by no means rare 

Bovine tubercle bacilli can. produce generalized tuberculosis 
m the rabbit even when given in extremely small doses The gumea 
pig IS also very susceptible to the bovine oragnism Mice are usually 
infected by mtrapentoneal inoculations, but rats are resistant 
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The hamster is susceptible to virulent strains of the bovine type 
of organism 

Mycobactermni auium — The avian tubercle bacillus is pn 
marily pathogenic to the domestic fowl, although the organism is 
capable of mfectmg all species of birds, and some species of mam 
mals (see Table 33 2) It is quite likely that the factors which lumt 
the prevalence of tuberculosis m many species of the avian fanmy 
are the environmental conditions, crowding particularly, im er 
which they hve The pheasant, m its wild state, is not often foun 
to be infected, but the disease is apt to be quite severe m those 
which have access to and mingle freely with infected chicken flocks 
The disease may be found m turkeys which are raised m contact 
with infected chickens The pigeon, which is rather common on 
some farms, may become infected, the same bemg true of sparrows 
and crows Water fowl, such as ducks, geese, and swans, e%en 
though hvmg m close contact with mfected chickens, rarely b^ 
come infected House birds such as canaries, parrots, and love bir 
are susceptible to the avian tubercle bacillus although they have 
rare opportumties to become mfected Ornamental birds, for eX’ 
ample, the peacock and birds m zoological gardens, have been fomt 
to be infected, but such birds, also, are often isolated to the ext^t 
that the likelihood of the spread of the disease among them is di- 
mmishedL 

Among the mammals, swme and rabbits are the most sus 
ceptible Tuberculosis in swme m the Umted States is predominately 
due to the avian bacillus The prevalence of tuberculosis m swine is 
emphasized by the report of the Umted States Meat Inspection Di 
vision for the fiscal year 1948-49, which reported 8,655 total s^v'me 
^rcasses and 227,340 parts of swme carcasses condemned out o 
49,062 663 inspected post mortem Tuberculosis m swme due to 
av^ tubercle bacilh is predominantly a disease of the lymph nodes 
other lymphoid structures contiguous to the alimentary canaL 
HoNsever. generalization may occur, with lesions mvolving the hver, 
spleen, lungs, and kidneys The rabbit may become infected wi* 
e avian of the organism as a result of close contact with m 
e^d chicke^ Intravenous moculaUon with a suspension of avian 
^ produces an acute disease, the rabbit dymg 

tuWl ^ *<= disease macroscopic 

mal hat w “^“^7 tut the spleen is enlarged and the am 

puln re consi erable weight Stained smears of the splenic 

tZ ortut Yersm first described this 

thTYerl^ n ™ '“’’bit so it m commonly referred to a5 

bacilh docs not “'!‘^‘'on of tissue emuUions containing avian 
■loubt m 4e ‘ype of the diaease, due, no 

'be smaller number of bacdl. present. 



Mycobacterium 541 


The susceptibility of the bovme to Mijcobactenum avium has 
been the subject of considerable research In general it can be con- 
cluded that this animal is not readily infected with the avian or- 
ganism under natural conditions to the extent that generahzed 
macroscopic lesions are developed Sensitization to avian tuber- 
culin may occur but it is of transitory nature unless the animal is 


TABLE 33^ 

Rexative Pathogenicity op the Avian Tubercle Bacillus for Different Animals 


Animal 

Degree of 
Susceptibibty | 

Animal 

Degree of 
Susceptibility 

Chicken 

Marked 

Mouse i 

Slight 

Pheasant 

Marked 

Rat 

Slight 

Turkey 

Marked 

Sheep 

Moderate 

Parrot 

Moderate 

Horse 

Moderate 

Duck 

Moderate 

Cow 

Slight 

Goose i 

1 Moderate 

Gumea pig 

Slight 

Pigeon 

Moderate 

Dog 

Not susceptible 

Swme 

1 Moderate 

Cat 

Not susceptible* 

Rabbit 

1 Marked 

Goat 

Shght 


• One case ol avian tuberculosis has been reported (From Feldman, Avian 
Tuberculosis Infections, courtesy Williams & Wilkms Co ) 


subjected to constant exposure It is believed that natural infection 
with the avian type of the bacillus will rarely sensitize cattle suf- 
ficiently to cause them to react to mammahan tubercuhn Plum has 
observed, in Denmark, that the avian tubercle bacillus shows a 
marked aflmity for the uterus of the cow He has observed aboi- 
tions caused by such an mfection Fincher, Evans, and Saunders 
observed a dairy cow which had become infected with the avian 
type after bemg pastured on an area which had been fertilized with 
chicken manure Tuberculosis lesions were found in the cerebral 
and spmal menmges and m the uterus The organism was isolated 
from the uterine exudate 

Cases of tuberculosis m the horse due to Myco avium have 
been reported but this animal is considered quite refractory to the 
organism following natural exposure Sheep may be infected but 
goats, dogs, and cats are considered quite resistant Mice and rats 
possess shght susceptibility to the avian bacillus Guinea pigs can 
be mfected with inoculations of avian, tubercle bacilli but the dis- 
ease is mild and non-progressive This fact is of great importance 
in the typmg of an unknown tubercle bacillus 

The susceptibility of man to Myco autum. is a subject of con- 
siderable importance Case histones are given m the literature which 
do show that man may be infected with the organism When com- 
pared with the virulence of the human and bovine types of the 
organism, however, it is generally conceded that the avian type is 
of little consequence in human tuberculosis 
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The reader is referred to “Avian Tuberculosis Infections ’ by 
Feldman for more details concerning the subject 

Differentiation of Types The differentiation of the respective 
types of tubercle bacilli can only be accomplished with certainty 
by animal pathogenicity tests The relative virulence for laboratory 
animals of the four types of Myco tuherculosts responsible for tuber 
culosis m warm blooded an i m als is shown in Table 33 3 

In distmguishing the various types of tubercle bacilli by anima 
pathogenicity tests, the relative susceptibihty of the foUowmg 


TABLE 33^ 

RtLAITTE VlEtIlI^.CE, IN LABORATORY AnIMALS OP THE FOUH TYPES OF SlYCOBAC 
TERiA Responsible for Tuberculosis of Waku-bloodo) Animals 


Bacillary type 


Human 

Bovme 

Avian 

Vole 


Guinea pig [ Rabbit | Chicken [ 


O 

o 

+ 

o 


•^lanation of symbols 0 = very resistant = = slighUy suKeptibJ' 
+ = dcSmtely susceptible (From Feldman W H. Animal Tuberculosis ano 
ScienM)**”"**”” fo the Disease m Man. Courtesy New York Academy oi 

amnials must be determmed for each bacterial strarn studied two 
gumea pigs, two rabbits, and two chickens The latter should be 
previously tested with avian tubercuhn and found negative Guinea 
pi^ should receive the mfectmg moculum subcutaneously, rabbits 
and chickens are moculaled mtravenously If the vole bacillus is 
suspected mice must he mcluded m the typing series and given the 
moculum mtravenously Gumea pigs hvmg eight weeks after m 
oculation are killed for necropsy, while the rabbits and chickens are 
exited for lesions 90 days after moculation Reference to Table 
Odd should enable one to mterpret with confidence the results of 
e tests and thus distmguish from each other the human bovine 
and avian types of tubercle bacilli. 

of anim 1 ™**^ N“<ural Resistance —R is obvious that many species 
m am^ possess natural rcsmtance to tuberculosis According to 
me^os may be of three types First there 

Wttd do not grow or do so to a 

Sen iL^T 7^'= to grow m the 

Second ’ normal temperature, is an examplo 

but do not the organisms grow without restnction 

found true the senous injury to the tissues This has been 
the rat Ordinanl human type of tubercle baciIU m 

y this animal is considered resistant to tubercu 
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losis, yet the symbiotic relationship of bacillus and animal is now 
recognized. Third, in most susceptible species there is evidence of 
natural resistance to the disease, manifested by the ability of the 
natural body defense mechanism to phagocytize the bacilli and 
to encapsulate and calcify the lesion they may have produced. How- 
ever, it is not possible to eliminate the probability that resistance 
acquired during the active phases of the infection may be partly 
responsible for the fact that progressive tuberculosis does not 
develop in each animal infected with the disease. 

Koch’s phenomenon . — During the early years of his studies 
of tuberculosis, Koch foimd that guinea pigs already infected with 
tubercle bacilli reacted differently to subsequent injections of liv- 
ing bacilli than did normal animals. In a normal guinea pig the in- 
jection of living bacilli produces typical lesions of tuberculosis 
throughout the lymph system as well as in the lungs, liver, and 
spleen. Injection of tubercle bacilli into an animal known to have 
had tuberculosis for some time caused a marked necrosis and 
sloughing of the tissue at the point of injection, without any gen- 
eralization or localization of the organism in the regional lymph 
nodes. Koch found that this reaction was also produced by the in- 
jection of dead tubercle bacilli, and he subsequently demonstrated 
a minor type of reaction to protein extracts of the organism. Koch^s 
phenomenon revealed two things: first, that some degree of re- 
sistance to a second inoculation may be produced in the guinea pig 
by an active infection; second, that a hypersensitive condition to 
the organism, Qt the products of the organism, is produced in an 
infected animal. This last reaction, commonly known as a tuberculin 
reaction, is known to be an allergic phenomenon and is of value in 
the diagnosis of the disease. 

Acquired Resistance . — ^The progressive nature of tubercu- 
losis in animals and man indicates that immunity is not developed 
by the infection in quite the same degree as is observed in other 
diseases. But, as emphasized by Rich, a total acquired resistance is 
rarely developed in any disease and there is evidence that signifi- 
cant resistance is developed in tuberculosis. The total recovery of 
people who have had small pulmonary lesions, shown in later life 
by the X-ray, is considered to be due, at least partially, to acquired 
resistance. 

Since the initial publications of Robert Koch, multitudinous 
attempts have been made to develop an immunizing agent which 
would be of value as a prophylactic in tuberculosis. In fact, Koch 
was searching for an immunizing agent when he discovered the 
effects produced by tuberculin. Numerous types of immunizing 
products have been used against tuberculosis, but it is not feasible 
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to discuss them all here The reader is referred to the book by 
Calmette for a complete list of such agents 

One product which has been prepared for artificial immuniza 
tion IS known as BCG meamng Bacille Calmette-Guerm, Calmette 
and Guerm were two French scientists who prepared the vaccme 
This vaccine is composed of living organisms of a bovine strain 
which was attenuated by growth m potato-glycerm bile medium 
for several hundred transfers It is claimed to be without harmful 
effect m calves and children and to produce an mcreased resistance 
to tuberculosis While BCG may be a valuable aid in preventmg 
tuberculosis m parts of the world where the disease is quite preva 
lent m human and bovme populations, it has never found favor m 
the Umted States 

Myers has called altention to the fact that BCG cultures of 
today do not meet Calmette’s requirements and it is quite erroneous 
to have such cultures so labeled Many of them are so virulent 
that tuberculous lesions are produced m lymph nodes adjacent to 
the pomt of moculation 


The experimental results of Schroeder and Cotton of Watson 
of Harmg, Traum Hayes and Henry, of Cotton and Crawford m 
cattle mdicated that BCG should not be used as a possible means 
of controlling bovine tuberculosis in America It is beheved that 
the detection of infected animals, by the use of the tuberculin te*t 
before the infecUon has developed to any great extent and the subse- 
quent removal of reactors from the herd is the most satisfactory 
employ At least this procedure has been found to be 
highly effective m the Umted SUtes 

Mention should be made of the most recent immunizmg agent 
advocated for tuberculosis The vole baciUus, Mycobacterium 
mum, described by Wells m 1937, has been shown to produce re 
sis^ce m gumea pigs against virulent human and bovine straii^ 
u ere e bacilli Subsequent experimentation with vaccme made 
of this organism has revealed that the resistance produced m the 
^ pig IS probably parallel to that produced by BCG 
varie.'^f!?!!" method employed for tuberculosis 

tern insn#»rf ^ Packing plant the veterinarian engaged m post mor 

detect the isease 1>y 

cultures aufl lesions m the laboratory direct sineat^ 

of the disease^*? tnoculations are used, in the field the presence 
test or m chielT ^t! >s diagnosed by the tubcrculn 

'»ill be dtscussei^ “SElutmalion test Each of these methods 

tuberculosis “Ucroscopic and macroscopic lesions of 

■s considered pathology « 

ocred expedient to grse a brief review of the significant 
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lesions of the disease here, however, m order to emphasize the im- 
portance of such lesions as an aid to diagnosis 

The umt lesion m tuberculosis is known as a tubercle, which 
may be microscopic m size or of macioscopic dimensions The newly 
developing lesion is composed of tubercle bacilli intermingled with 
epithelioid cells Many bacilh may be phagocytized by the epithe- 
hoid cells As the lesion develops, necrosis of the initial concentra- 
tion of epithelioid cells occurs and giant cells (concentrically ar- 
ranged groups of histiocytes) appear around the area of necrosis 
In the next stage the area of necrosis and the giant cell zone are 
surrounded by a loosely arianged zone of lymphocytes, monocytes, 
and fibrocytes which are supported m a newly formed reticulum 
of connective tissue derivation As the central necrotic process pro- 
gresses, this primary tubercle becomes larger, newly developed 
tubercles form m the adjacent tissue, and ultimately the tubercle 
is macroscopic in size The macroscopic lesion of tuberculosis may 
be caseous or calcified In some instances liquefaction neciosis re- 
sults in large cavities, particularly in the lungs In numerous cases 
healed lesions of long duration are evident by the presence of 
nodules composed of compact fibrous tissue and calcification 

With certam anatomical modifications the development of the 
tubercle m the avian species is the same as in mammals The 
primary lesions aie usually confined to the wall of the intestine 
froyi where the organism is spread to other parts of the body, form- 
ing massive lesions in the liver, spleen, bone xnarrow, and lungs, 
but not in the muscles Lesions do not become calcified However, 
lesions of tuberculosis in mammals, caused by the avian type of 
tubercle bacilli do become calcified 

In mammals, tuberculosis is confined, usually, to the lymph 
system and the lungs m primary and localized tuberculosis The 
escape of tubercle bacilli from a lesion in such tissues via the blood 
or lymph sti earns enables them to reach the general circulation, re- 
sulting m widely dissemmated tuberculosis, with the formation of 
lesions in various parts of the body mcludmg the spleen, serous 
membranes, liver, kidney, mammary gland, bone marrow, ovaries, 
and testes In mammals lesions of tuberculosis are rarely found in 
muscle and brain or in the thymus, thyroid, pancreatic or salivary 
glands The presence of tubercles upon serous membranes of the 
thoracic and peritoneal cavities gave rise to the name pearly disease, 
because of the resemblance of the nodular lesions to pearls In 
some cases of generalized tuberculosis the lesions are small and 
evenly distributed, resemblmg millet seeds, hence the term miliary 
tuberculosis 

While the presence of the previously described lesions are most 
suggestive of tuberculosis, other mfectious agents produce caseation 
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B'*'* * rpfuted diagnosis of tuberculosis is accom- 

,„d calcifl':^""®',, „ j-tecuon of tubercle baciUi In the laboratoiy 
lisbed oo'y ^ j V)V three procedures First, smears of suspected 

Ais IS aec°"’P^/lith^e Ziehl-Neelsen stam and exammed for 
-.,0 are staii'® _ rtrpnarations oreanisms are few, so pro- 


tissue are preparaUons organisms are few. so p 

acid-fast ^ often necessary It may be necessary to tr 

longed sodium hydroxide and centrifuge it so ^ 

the matet'al ' before smears are made Second, sluta 

tu® „.™te the nac^ ^ nreanism 

concen 


tediaareu'" 


1 ted irx order to obtain a culture of tbe organism 
'*^to be cultured is usually treated with 3 per^ce^ 


media cuuui^u is usumiy ~ ^ 

fphe jg 5 per cent oxabc acid, or 10 per cent trisodi 

godiui^ °lutions in order to kill other types of bacteria pres- 

should be incubated at least eight weeks Thtr > 
ent (500 Sms or more) are injected subcutaneous y 

large material treated as described above Those guinea 

with living at the end of eight weeks are killed, but this 

pigs ^jg shortened if the animal is given Old Tuberculin 

period 1 ^ g^jbcutaneously at the end of the fourth week 
( 0 ®^ identify the human and bovine types of tubercle bacu^ 
reduction in the guinea pig of tuberculous lesions associate 
the fast baciUi is essential 

avian tuberculosis is suspected, chickens are used as the 
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In the intradennal test at least 0.1 ml. and not more than 02 
ml of tuberculin is mjected into the dermal layer of the skin o 
the animal In cattle the thin skin of the caudal fold or of the vu \a 
is used The skin of the cervical area has been found to give a more 
pronounced reaction but is not used in routine testing, except m 
a recheck of suspect reactors. A positive reaction is apparent y 
a small to large firm swelling at the point of injection within ^ 
hours In the tuberculin test of chickens the wattle is used, 
positive reaction is noted by the swelling of the wattle within 
hours. Avian tuberculin must be used in detecting tuberculosis m 
chickens. 

In the ophthalmic tost, tuberculin is inserted into the conjunc- 
tival sac. Concentrated, especially prepared opthalmic tubercu m 
is placed into the eye with a soft camel’s hair brush or with a 
medicine dropper. The concentrated tuberculin may be mixed 'Vi 
a suitable plastic substance, such as lactose, and molded into a sma 
disc which dissolves readily in the eye. These ophthalmic-tubercu- 
hn discs are commonly used for the eye tost. In the ophthalmic test, 
two applications of tuberculin are required. The first applicatic® 
IS for the purpose of sensiUzalion, for it has been shown that a 
more marked reaction is obtained by this procedure. The secon 
application is given two or three days later for the purpose of 
diagnosis. The animal is kept under close observation for 8 hours 
after the installation of the diagnostic dose. A positive reaction is 
ch^cterized by marked inflammation of the conjunctiva, profuse 
lachrymation, and by a mucopurulent exudate. 

It is apparent that the intradermal tuberculin test is the most 
economical and practical for routine diagnosis. The other two tesfe 
are seldom used except in doubtful reactions to the intradermal test 
In 1946 Kerr, Lament, and McGirr described a modification of 
the mtradermal tuberculin test which they called the Stormont Test 
name ter the Stormont Experimental Laboratories near Be 
ast, Irelan^. Essentially, thk test consists of the injecton of 
!v'°; into the skin of the cervical region On 

original site k reinoculated with 0.1 ml. 
reaction is based on an increase of 5 ^ 
m skin measurement between the seventh and eighth days 

nnn«+” -r. . . . ..... c>»....¥riODt 


following the “boost" 


injection It is claimed that the Storm® 


Sion of Preparation of a suitable suspeP' 

ose of the agglutl^ti is a barrier which prevents 

in animals info f a ^ ^ method of diagnosing tubercu o 

^ elected hy those types of bacilh, E^ierimentally d 
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been shown that collodion particles and erythrocytes may be coated 
with tuberculin, thereby preparing an antigen suitable for agglu- 
tination purposes. Such a diagnostic test has not come into prac- 
tical use. 

In 1942 Moses, Feldman, and Mann demonstrated that a con- 
centrated antigen may be used m a rapid agglutination test for 
the diagnosis of avian tuberculosis. Mycobacteritim avium is readily 
miscible in salt solution so a stable suspension can be made for such 
a test. In 1950 Karlson, Zinober, and Feldman explored this test 
further and demonstrated that a whole blood, rapid agglutination 
test has real merits as a diagnostic test for avian tuberculosis. 

Mycobacterium parafubercuhsis 

Synonyms and History. Johne’s bacillus. Bacillus paratuhercu- 
losis. 

During the study of a chronic dysentery of cattle in Germany, 
Johne and Frothingham, in 1895, demonstrated the presence of 
masses of acid-fast bacteria in the infected intestine. They consid- 
ered these organisms were either avian tubercle bacilli or bovine 
tubercle bacilli which had become changed in some way so that in- 
fection in the intestinal tract was produced. In 1906 Bang, of Den- 
mark, was the first to recognize the disease as an infection distinct 
from tuberculosis and to suggest the name paratuberculosis. The 
disease then came to the attention of investigators in England, and 
in 1907 McFadyean described it in some detail. The organism was 
first isolated in pure culture by Twort in 1910. In 1913 Twort and 
Ingram published a complete account of the disease. 

Although primarily a bovine disease, paratuberculosis is also 
found in sheep, and McFadyean reported a case in a deer kept in 
captivity. Eveleth and Gifford have described, in their study of 
Johne’s disease In Arkansas, that clinical cases of the disease are 
found only in cattle and sheep, but that swine, goats, horses, and 
mules may be found sensitive to the intradermal Johnin test. 

Distribution and Transmission. Myco. paratuberculosis has 
been reported from most of the countries on the European continent, 
from the British Isles, and from neighboring islands. It is found in 
the United States, but the extent is not known. The disease does not 
spread rapidly tlirough a herd; only a few animals show symptoms 
at a time. It has been observed that calves may become infected 
but do not show symptoms until they become adults. This chronic 
nature of the disease is a most outstanding characteristic and for 
this reason the infection is known to persist in a herd for years. 
Because of this, many cases probably pass unrecognized. 

Johno’s disease is characterized by a persistent diarrhea which 
may extend over a period of a year. The animal becomes progres- 
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been shown that collodion particles and erythrocytes may be coated 
with tuberculin, thereby preparing an antigen suitable for agglu- 
tination purposes. Such a diagnostic test has not come into prac- 
tical use. 

In 1942 Moses, Feldman, and Mann demonstrated that a con- 
centrated antigen may be used in a rapid agglutination test for 
the diagnosis of avian tuberculosis. Mycobacterium avium is readily 
miscible in salt solution so a stable suspension can be made for such 
a test. In 1950 Karlson, Zmober, and Feldman explored this test 
further and demonstrated that a whole blood, rapid agglutination 
test has real merits as a diagnostic test for avian tuberculosis. 

Mycobacterium paratubercufosis 

Synonyms and History. Johne's bacillus. Bacillus paratuhercu- 
losis. 

During the study of a chronic dysentery of cattle in Germany, 
Johne and Frothingham, in 1895, demonstrated the presence of 
masses of acid-fast bacteria in the infected intestine. They consid- 
ered these organisms were either avian tubercle bacilli or bovine 
tubercle bacilli which had become changed in some way so that in- 
fection in the intestinal tract was produced. In 1906 Bang, of Den- 
mark, was the first to recognize the disease as an infection distinct 
from tuberculosis and to suggest the name paratuberculosis. The 
disease then came to the attention of investigators in England, and 
in 1907 McFadyean described it in some detail. Ihe organism was 
first isolated in pure culture by Twort in 1910. In 1913 Twort and 
Ingram published a complete account of the disease. 

Although primarily a bovine disease, paratuberculosis is also 
found in sheep, and McFadyean reported a case in a deer kept in 
captivity. Eveleth and Gifford have described, in their study of 
Johne’s disease in Aurkansas, that clinical cases of tlie disease are 
found only in cattle and sheep, but that swine, goats, horses, and 
mules may be found sensitive to the intradermal Johnin test. 
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sively thin and emaciated Lesions of the infection are confined to 
the ileuirv and the colon and m some cases extend posteriorly as 
far as the rectum The intcstmal mucous membrane is hyperemic 
and IS so greatly thickened that it presents a corrugated appearance 
The mesenteric lymph nodes arc usually swollen and edematous 
The organisms are present m the mucous membrane and, obviously, 
large numbers of them pass out with fecal material, thereby con- 
tammatmg feed and water 

Morphology and Stammg Mycoboclcnunv poratubcrculosis is 
a short, thmk rod Q 5^l in diameter by 1 to 2ji in length In smears 
made from an infected intcstmal mucous membrane the organism 
IS found in clumps although numerous smgle cells are scattered 
over the preparation (Fig 33 5) The organism is comparable in 
size to the avian tubercle bacillus It is stained with the usual acid- 
fast stains Most of the cells are stained evenly, but an occasional 
beaded form may be seen The organism is considered Gram- 
positive 

Growth Requirements and Characteristics This bacillus is 
aerobic and grows best at a temperature of 39®C It has a rather 
wide growth temperature range, however, since it wJl grow as low 
as 28°C and as high as 43®C The media which are used for the 
cultivation of the organism must be adjusted to pH 6 6 

An outstanding diaracterisUc of Alyco poratuberculosis is the 
difficulty with which it is culUvated upon artificial media Twort 
obtained growth only after he incorporated dead tubercle bacilli m 
his culture medium Subsequently it was found that tuberculin 
supplied the essential growth factor and later that the extracts of 
saprophytic acid fast bacteria were satisfactory The nature of the 
growth factor which is needed by this orgamsm is not known, but 
according to Twort and Ingram jt js found m various substances 
su as grapes figs, oats and linseed Johnson has described the 
followmg medium which he has found effective m producing satis- 
factory growth of the orgamsm 


Asparagine 

Dipotassium phosphate cp 

Sodium citrate 

Magnesium sulphate 

Feme citrate 

Dextrose 

Glycerine 

roesenteric lymph nodes of ihe calf 
Tap water to make 


140gm. 
1-8 gm 
O^gm 
1-5 gm 
03 gm 
lOOgm 
40 0 gm 
lOOOgm 
20 0gm. 
lOOOOmL 


C medium the orgamsm produces tiny, duU- 

acM .1 m four weeks As the culture 
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In. glycerin broth containing extracts of Myco. phleiy the bacil- 
l\is forms a thin pellicle which becomes thick and folded as the cul- 
ture ages. 

Resistance. Myco. paratuberculosis resembles the tubercle ba- 
cillus in resistance to heat and chemical disinfectants. Vardaman 
reports that cresylic compounds 1:64, phenol 1:40, sodium ortho- 
phenylphenate 1:100, alcohol 95 per cent, mercury bichloride 
1: 1,000, calcium hypochlorite 1: 50, and methylene blue 1; 500 pre- 
vent growth after 15 minutes’ exposure. Lovell, Levi, and Francis 
have found this bacillus viable after nine months’ exposure in tap 
water-mud suspension, 163 days in ditch water in open air, and 
152-246 days in feces. 

Biochemical Properties. The difficulty with which this organ- 
ism is cultured artificially has retarded investigation concerning its 
biochemical properties. Presumably it is similar to the other acid- 
fast bacteria in not being able to produce changes in the various 
substances which are used in the study of bacteria. 

Antigenic Structure and Toxins. Little is known concerning 
the antigenic structure of this organism. Positive reactions are ob- 
tained by the use of avian tuberculin in a large percentage of the 
cases of Johne’s disease. This indicates an antigenic relationship 
with the avian tubercle bacillus. Some cases will also react to 
mammalian tuberculin. 

Toxins are not produced by this organism. 

Pathogenicity. Myco. 'paratuberculosis produces chronic bacil- 
lary dysentery in cattle and to some extent in sheep. The disease 
can be produced artificially in the bovine by injecting the organism 
intravenously, subcutaneously, or intrapentoneally. 

Mohler has observed that guinea pigs, rabbits, mice, rats, 
chickens, and pigeons could be infected with the organism when 
it was thoroughly suspended in paraffin oil, Guinea pigs which 
had been given 2 ml, of inoculum intraperitoneally died in seven 
to thirty-two days. Mice were considered quite susceptible, dying 
in nine to twenty-four days after inoculation. Chickens had de- 
veloped pin-point lesions on the liver and spleen when killed five 
months after inoculation. They were sensitive to Johnin which 
was injected in the wattle but not to avian tuberculin. Extensive 
lesior^ containing numerous acid-fast bacteria were found in the 
peritoneal cavity of pigeons killed 134 days after inoculation with 2 
ml. of the suspended bacilli. In 1940 Olikaeva of Russia demon- 
strated that rabbits may be infected. In his experiments, groups of 
rabbits were inoculated intravenously and per os with 70-day-oId 
cultures of Myco. paratuberculosis. Previous to injection they were 
fasted or given injections of bovine bile to reduce resistance. 
Twelve months after inoculation lesions were found in all groups 
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of rabbits These lesions consisted of multiple abscesses m the 
region of joints and the pleura Hypertrophy and hyperemia of 
the p irenchymatous organs were noted Gastrointestmal lesions 
were rare Cultures of the organism were obtamcd from the kid- 
neys liver, heart, and spleen of mfectcd rabbits Verlindc and 
Bekker have shown that the injection of a 5 mg dose of livmg 
bacilli into a 40 gm guinea pig 
^ ^ . subcutaneously, m the thigh, 

^ may produce tubercle-likc le- 
sions in the mguinal lymph 
nodes, the liver, the spleen, 
^ and the lungs In some ani- 
* • mals so inoculated, peritonitis 

j accompanied by ascites was 

^ < observed None of the animals 
had lesions suggestive of 

Johne’s disease in the mtesti- 
nal tract 

I I V ’ Immumt> The chronic 

's. ^ nature of paratubcrculosis in- 

*■ * dicates that any immunity 

ty the disease 

eer<giesi* smear of mucous mem , « . 

brone x 2,000 tFrom Nowok Doeu ^ *^<>1 Significant Very few an- 

merla^Mcrobiologca courle.y Ge.lav iniaU ever recover from the 
infection, however, some re- 
ports of apparent recovery have been made 

ArtiHcial immumzmg agents for this disease are not m common 
use French mvestigators have reported some resistance was pro- 
duced in cattle foUowmg the mjection of organisms suspended m 
puimce and oil This procedure is also used in England in certam 
problem herds accordmg to Doyle Hagan in New York considered 
tto type of vaceme worthy of more experimentation Larsen, m 
U50, reported on the use of a vaceme composed of moist hvmg 
Myco pamtubcreulosis, powdered pumice, nuneral oil, and peanut 
2 “Se and challenged at 

wS Sh ‘nteslmal scrapmgs of an animal 

vacematd ° Pf ‘>‘-'>«culosui In this experiment 3 of the 7 

were nositivTrtb t'u "'hi=h survived 

were positive to the Johnm test 

conlmr^nstls^ofr prevalent, the best method of 

by the^“^la^faU~ “ ” ^oUowed 

smeam“gr,he''rmc‘s"mar^r 

diagnosis may be obtamed bv ^ “ positive 

y e Obtained by pmchmg out a small piece of the rec- 
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lum, washing the piece thoroughly with sterile saline solution, and 
then mashing it thoroughly between two slides. The smears thus 
made are stained with an acid-fast stain. This method is dependable 
only in cases in which lesions are present in the rectum. A possible 
source of error is the presence of saprophytic acid-fast bacilli in 
the feces. 

Previous mention has been made of the positive reaction which 
may be obtained to the injection of avian tuberculin. In the use of 
tuberculin for this disease intravenous injection is made and a posi- 
tive reaction is indicated by restlessness, shivering, diarrhea, and 
pyrexia. The temperature usually reaches its peak 4 to 8 hours after 
the injection of the tuberculin. 

An extract of the bacillus called Johnin was produced in Eng- 
land and has been used to a limited extent in the United States as 
an intravenous temperature test, employing the same technic as 
was used with avian tuberculin. The production of intradermal 
Johnin was reported by Johnson and Cox in 1944, and since that 
time the intradermal test has become an accepted method for the 
diagnosis of paratuberculosis in cattle. A more specific intradermal 
Johnin, purified protein derivative (PPD), has been prepared by 
Larsen, Baisden, and Merkal by the precipitation of Myco. pani- 
tuberculosis culture filtrate with trichloroacetic acid. 

Johnson observed that the skin of the neck region was more 
sensitive to Johnin than the caudal fold. This fact has been con- 
firmed by numerous investigators; consequently, the intradermal 
test ^ applied in that region. 

In applying the test, 0.2 ml. of intradermal Johnin is injected 
into the skin of a clipped area on the neck. After forty-eight hours 
the test is read. A positive reaction consists of a skin thickness of 
3 mm.; a thickness of 3 to 2 mm. is considered suspicious; and under 
2 mm. is negative. An injection of Johnin desensitizes the skin at 
that site so subsequent tests must be applied at other sites. 

In a series of reports beginning in 1945 Sigurdsson and associ- 
ates of Iceland have described an antigen, which is precipitated by 
ammonium sulfate and trichloracetic acid, which they isolated from 
the intestinal wall of sheep infected with Johne's disease. By using 
this antigen in the complement-fixation test, they found it of value in 
diagnosing the disease in sheep. 

M/cofiacferium leprae 

Mycohacterium, leprae is one of the important acid-fast or- 
ganisms of significance to human health. This organism is con- 
sidered to be the cause of leprosy, one of the diseases mentioned in 
the earliest history of mankind. Leprosy is a generalized disease of 
man which affects principally the skin and peripheral nerve trunks. 
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It IS an exceedingly cliromc disease having an incubation period as 
long as 20 years As iar as ts ktiQvm, it is transmitted only by close 
contact Howe\er, with duo caution physicians and nurses worx 
among leprous paUents for years without contracUng the infection. 
The disease is still quite prevalent throughout the world This in- 
fection is found in the United Slates where it is most prevalent in 
the Gulf slates and California 

Myco leprae was first observed by Hansen in 1874, and this 
discovery was definitely supported by Neisscr in 187D The mor- 
phological and acid-fast staining characteristics of the organism were 
not discovered, however, until after Koch had published his work 
on the tubercle bacillus Myco leprae is a small, slender organism, 

0 3 to 0 5\i thick and 1 to 7|i long It is often curved, and many cells 
present a beaded appearance Like many acid-fast bacilh, tins 
organism occurs in clumps and packets in the infected tissue This 
organism is notoriously difficult to cultivate on artificial medium, 
and there is considerable doubt whether or not the organism has 
even been successfully cultivated Although acid-fast bacilli have 
been cultured from leprosy lesions such cultures are probably 
saprophytes from the skin No reaction is obtamed with the sera of 
leprosy patients with cultures claimed to be Jllyco leprae Of much 
mterest, however, is the fact that a high percentage (40 to 50 per 
cent) of leprosy patients give false positive serologic reactions 
for syphilis 

Leprosy is commonly diagnosed by the symptoms and lesions 
found in the patient Of much importance m establishing the 
diagnosis definitely is the demonstration of acid-fast bacillary forms 
from tissue scrapmgs from the lobes of the ears or the alae nasi 
Less dependable is the findmg of acid-fast bacilli in smears from 
the nasal mucosa. Allergy tests have been extensively investigated, 
but at present none is specific for the disease The complement- 
fixation test IS also used, but this, too, is not considered specific 
enough for accurate diagnosis 

Durmg recent years 4, 4'-diammodiphenylsulfone and certain 
derivatives of this compound have been found to be quite effective 
against leprosy and their use is gradually being extended through- 
out the areas of the world where leprosy exists The disease is best 
controlled by the separation of children from leprous parents and 
y the isolation of patients m leprosy colomes where modem treat- 
ment is often followed by marked resolution of the visible lesions 
and definite arrestment of the disease 

Mycobacferium fepraenturnim 

In 1901 Stefansky, in Odessa, observed a disease in rats which 
Showed many lesions sisnilai to htiman leprosy and which was 
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caused by an acid-fast bacillus The disease has been found in 
rats in London, Berlin, and in New South Wales In the United 
States the disease has been reported from San Francisco by 
Wherry and by McCoy Rat leprosy is characterized by swelling 
of lymph nodes, subcutaneous swelling and induration with ulcei- 
ation, by fallmg of the hair, and by emaciation during the later stages 
of the disease The condition is exceedingly chrome, extendmg as 
long as one year m some cases Upon post-mortem examination the 
swollen lymph nodes are not suppurative Increased numbers of 
epithehoid cells are present, among which the bacilli are found in 
large numbers Subcutaneous sweUmgs are similar to adipose tissue 
m appearance, but are also composed of epithehoid cells among 
which the baciUi are found Nodules may be found m the liver 
and lungs 

The rat leprosy bacillus, to which the name Mycobacterium 
lepraemurtum has been given, is 3 to long and is slender and 
curved It is Gram-positive and is decidedly acid-fast Numerous 
beaded or granular cells are observed m a tissue smear The or- 
ganism has not been cultivated artificially upon nonhving media 
Zmsser and Carey report successful growth of the organism upon 
living rat spleen cells contamed m plasma The disease can be pro- 
duced experimentally, often with difficulty, in rats by the injection 
of leprous tissue Linhares has found that hce found on rats dying 
of leprosy were infected with acid-fast bacilli, but these could not 
be cultured on Lowenstem medium Rats could be mfected per 
os with a suspension of infected tissue, and both chicks and pigeons 
could be infected m inoculation in the chest muscle Intrapentoneal 
and gastro-intestinal routes were successful in chicks but not in 
pigeons, which were infected by mtravenous inoculation In fowls, 
ducks, chicks, and pigeons the lesions were severe but were not 
as disseminated and numerous as m rats 

This disease has no etiological relationship with human leprosy 

Mycobacferium muris 

In 1937, Wells reported the presence of lesions resemblmg those 
of tuberculosis in the vole, in England An acid-fast bacillus was 
isolated from such lesions and the common name “the vole bacillus” 
was given to it. In. an. extensive report on the murine type of tuber- 
cle bacillus, in 1946, Wells pointed out the specific nature of the 
organism, leavmg no doubt that a new organism had been dis- 
covered On that basis it is quite appropriate to use the name 
Mj/cobactenum muns 

In the 1946 report Wells noted that the disease had been 
identified m more than 900 small animals m four different species, 
the Wild vole (Microtus agrestw), the bank vole (Clethnonomys 
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olarcolus), the wood momo (ylpodemtu syhauais), and the shrew 
(Sorex araueiis) The disease had been observed m nmelcen places 


in ureat oruaui . , 

Mycobactenum muris m infected lesions is an extremely pleo- 
morphic rod rangmg from 1 to 5|i m length and 0 5 to 0 Gp 
No branchmg forms have been desenbed On culture media the 
organism is less pleomorphic and is shorter and thicker. It is non- 
motile, noncapsulated and nonsporefonnmg This bacillus is mark- 
edly acid-fast, resisting decolorization in 25 per cent H 2 S 04 for 24 
hours The typical beading of tubercle bacilli is observed in this 
organism m smears made from natural lesions and from artificial 


cultures 

Growth of Myco muris is obtamed on the types of media used 
for the cultivation of tubercle bacilli Gl>ccrm, 5 per cent or more, 
inhibits growth of the organism so it resembles the bovine type of 
the tubercle bacillus m that respect The organism is difficult to 
grow on fluid media, formmg a thin, unpigmented pellicle Two 
types of colonies are formed on solid media One is a round, smooth, 
white colony with an entire edge which becomes wartUke with 
a cratenform center The other is irregular m shape with a fluted 
edge This bacillus is killed by 60®C in 20 minutes, 0 5 per cent 
phenol in 24 hours, by 5 per cent acetic acid It is resistant to 6 
per cent sulphuric acid, 5 per cent oxalic acid, and 3 per cent 
sodium hydroxide 


The appearance of the natural disease is typical of tubercu- 
losis showmg the presence of epithelioid cells, giant cells, caseation 
necrosis and calcification The majority of the lesions observed m 
captured animals are confined to the lymph nodes but the skm and 
subcutaneous tissue, the lungs, spleen, liver, suprarenal, and kid- 
ney are also affected Accordmg to Robb-Smith scattered necrotic 


foci, rich in organisms, are found in the myocardium and there are 
also epicardial cellular foci m which concentric bodies are present 
Artificial infection may be produced m the rabbit, guinea pig, white 
mouse, white rat, golden hamster, Orkney vole. Continental vole, 
wood mouse, and bank vole Limited experimentation has shown 
that the vole bacillus is able to mcitc m susceptible animals a 
positive mfection of a chronic nature which tends to disappear with- 
out leaving sigiuficant traces It is not possible to separate the vole 
bacillus from the human and bovine types of tubercle bacilli by 
setologi,^ tests Animals infected ivith the vole bacillus show a 

mH ‘d 1 Conversely, ammals 

to 1,1. with the human or bovine tubercle bacUus are seusiUve 

No s.gn.fieant anti- 

tolrcle bacTi'”^ avian 
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Previous mention has been made of the use of the vole bacillus 
as an immunizing agent against tuberculosis in guinea pigs, cattle, 
and man. Wells (1949) has concluded that there is evidence that 
the vole bacillus produces resistance to tuberculosis in man. It has 
also been shown that in the early stages of virulent infection in 
guinea pigs, vaccination with the vole bacillus leads to a greater 
retardation of the disease than does BCG; in the later stages, the 
degree of resistance is approximately equal. In cattle, the vole 
bacillus may confer more resistance that BCG. 

Other Acid-fast Bacilli 

In addition to the acid-fast bacilli which were listed at the be- 
ginning of the chapter as saprophytes, there have been others 
isolated from animal tissues. Their significance in the tissues from 
which they have been isolated is not known, but they do not appear 
to cause marked tissue destruction. 

In 1930 Hastings, Beach, and Thompson reported saprophytic 
acid-fast bacilli from cattle that gave a positive tuberculin test. 
These animals did not show macroscopic lesions of tuberculosis 
upon post-mortem examinations, and these investigators concluded 
that the positive tuberculin reaction may have been due to the 
saprophytic bacteria. This assumption was shown to be improbable 
by Hagan, however, in 1931. Sensitization to tuberculin is con- 
sidered to be possible only by specific tubercle bacilli. 

Acid-fast bacilli have been found in skin lesions of cattle. 
Daines and Austin have shown that these bacilli are similar to 
tubercle bacilli but do not produce lesions in experimental animals. 
The exact identity of these bacilli is not known. They are often 
found in association with Corynehacterium ■pseudotuberculosis, and 
it may be possible for them to be acid-fast dissociants of that or- 
ganism. 

A saproyhytic acid-fast bacillus added to this group is an or- 
ganism described by Karlson and Feldman in 1940. This bacillus 
was quite consistently isolated from swine tonsilar tissue. It re- 
sembles the avian bacillus in morphology and in many culture 
characteristics. Moreover, it sensitizes guinea pigs to avian tuber- 
culin and gives a positive cross-agglutination reaction with avian 
tubercle bacilli. The bacillus is not pathogenic to chickens, mice, 
or calves and produces only a localized focal necrosis upon sub- 
cutaneous moculation into guinea pigs and rabbits. In relation- 
ship to swine, infection is not known. 

In 1948 a mycobacterium previously unrecorded was found by 
MacCallum et al. in ulcerated lesions of the skin in cases of human 
beings in a rural area of Australia. The organism was strongly acid- 
fast and the optimal temperature for artificial growth was 33®C. 
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It has been named iMi/co ulccraru In addition to man this bacillus 
\vas found to be patliogcnic for mts and mice but not for guinea 
pigs The nutritive rcquircmcnU. \^trc comparable to those neces- 
sary for growmg tubercle bacilh successfully 
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The Genus Erysipelothrix 


Bacilli classified in the genus Erysipelothrix are slender rods, 
which may be curved or straight, and which show a marked ten- 
dency to form elongated filaments with only slight tendency to- 
ward branchmg They are nonmotile, nonsporeforming, and do not 
form capsules The orgamsms are Gram-positive and, when stained 
by Gram’s method, many of the elongated filaments show granu- 
lation They are micro-aerophilic and are not active biochemically 
under artificial conditions These orgamsms are variable in size and 
shape, so for that reason they are classified m the family Coryne- 
bactenaceae 

Within the last thiee decades the microorganism of this genus 
has become recognized as important to animal health in America 
Previously, swine erysipelas was not thought to be of significance 
in the United States It is now known, however, that the disease is 
widespread and constitutes a serious menace to the swme raismg 
industry, reports of its occurrence aie increasmg in the American 
hterature In addition to swine, Erysipelothnx rhxisiopathiae has 
been isolated m cases of arthritis of lambs in the western sheep- 
raismg areas Infection m turkeys results in serious losses Many 
cases of infection in man are reported m the hterature of this 
country 

Topley and Wilson consider that Listeria monocytoge7ies and 
Erystpelothnx rhusiopatluae are sufficiently similar to warrant 
placmg them m the same genus These authors discuss the former 
nnder the name Erysipelothrix monocytogenes However, Barber 
end also Julianelle have compared strains of these two micro- 
organisms and have properly concluded that serologically they arc 
separate and distinct, and that there are more cultural and meta- 
bolic differences than there are similarities These latter workers 
agree that tliero is insufficient reason to place tliem in the same 
genus 

•The nullior IS indebted to Alfred G KarNon Division of Experimental 
'Udlcine, Majo Foundilion, Rochester, 'Minnesota, for the original preparation 
and rcNision of this cliaptcr 


13411 
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The three species of this genus described in Bcrgey’s Manual 
of Detenumative Bacteriology, Ed 1048, that is, Enjsipc olhrur 
rhiisiopotJiwe, Enjsipeloihrix munscpUca, and ErysipeioOinx 
erysipeloidcs, are generally considered to be identical It is not 
possible to distinguish by bactenologic or serologic procedures the 
strains isolated from such varied sources as swme, mice, rats, tur- 
keys sheep fish the soil, and from cases of erysipeloid m man In 
this chapter they will be considered as a smgle species, Erysipelo- 
thnx rKusiopatKiae 


frysipe/othnx rhusiopathiae 

Synonyms and Htslory Bacillus rhusiopathiac suts, Bacteniim 
crysipelatos suum, Bactcnuiu rh-usiopatHuie, fJrystpelotlinx porci 
The names Bacterium murtscpltcus and Eri/sipelothru; munscpticus 
were formerly used to designate the species when isolated from 
mice The name Erysipelothnx en/stpelo»des was given to the micro' 
organism when isolated from man 

In 1876 Robert Koch desenbed a ‘ mouse septicemia bacillus" 
obtained from mice which had been injected with putrid meat No 
relationship to swine disease was then known for this bacillus In 
1882 Pasteur described a slender, curved rod which he isolated 
from swme showing symptoms of swme erysipelas Vaccines made 
from this microorganism protected swme against natural infec- 
tion but from the descriptions of the bacillus it is assumed that 
Pasteur worked with impure cultures Credit for the first accurate 
description of the swme erysipelas microorganism is given to Loefi- 
ler In 1885 and 1886 he published the results of his work which 
demonstrated that the disease in swme is caused by a bacillus 
identical to or closely resembling, the mouse septicemia bacillus of 
Koch. Loefller repeatedly emphasized the similarity bewtecn the 
two 


In 1909 Hosenback described a bacillus obtained in a case of 
erysipeloid of man as bemg almost identical to the one isolated by 
Koch from mice On the basis of his studies on the causes of swine 
erysipelas mouse septicemia, and erysipeloid m man, Hosenback 
concluded that there were three closely related species, Erysipelo- 
thr^ porci, Erystpelothrtx munsepticus, and Erysipelothnx eryst- 
pelotdes Studies that have since been made on the relationships of 
t e microorganisms isolated from the above sources show that the 
strains are identicaL 

The history of swme erysipelas and of mfections due to this 


imoroorgOTism m other ammaU m the United States is of some 
Z "fated by many writers 

that dise^e did not exist in Amenea. In retrospect, however, it 
bkely that infections due to Emsipclothrur rhusiopothtae were 
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not uncommon but were not recognized. As a matter of fact, in 
1885, Smith reported the isolation from a sick pig of microorganisms 
which he said closely resembled the bacillus of swine erysipelas. 
In Minnesota, in 1894, there occurred a serious outbreak of a swine 
disease with mortality of 60 to 100 per cent, from which the swine 
erysipelas microorganism was isolated by Smith. There are at least 
five other reports of the occurrence of infections, due to micro- 
organisms, we now call Erysipelothrix rhusiopathiae, in the United 
States prior to 1930, 

Distribution and Transmission. Swine erysipelas and infec- 
tions due to Erysipelothrix rhusiopathiae in other animals are 
known to occur in many parts of the world. In Europe the infection 
in swine appears in epizootic proportions in certain countries from 
spring un^ early fall, and sporadic outbreaks are observed during 
the colder months of the year. The disease has been reported from 
North Africa, China, and Japan- In Australia and New Zealand, as 
well as in America, polyarthritis in sheep due to Erysipelothrix 
rhusiopathiae is of some economic importance. The microorganism 
has been isolated from various species of fowl in Europe and, es- 
pecially in America, it is known to cause serious losses among tur- 
keys. 

In North America the disease in swine is most commonly seen 
in the late summer months but the chronic forms of swine erysipelas 
have been recognized throughout the entire year. The infection in 
turkeys is most frequently seen in the late fall or early winter. 

Natural infection in swine and perhaps in other animals occurs 
commonly via the alimentary tract. Soil, food, and water are readily 
contaminated by sick animals because the feces and urine contain 
the microorganism. Soil, which may retain viable and virulent 
microorganisms, serves as an excellent medium for conveying the 
infection to the animal body by way of the digestive tract. Surface 
waters may also be incriminated in transmitting the disease from 
one farm to another. Erysipelothrix rhusiopathiae has been isolated 
from fish meal used in the preparation of animal foods which are, 
therefore, potential sources of infection. Swine with subclinical 
infection and those that have the chronic form of swine erysipelas 
may live for a long time and be a constant source of infection. The 
role in the transmission of the disease, played by healthy animals 
which harbor Erysipelothirx rhusiopathiae in their tissues, has not 
been clarified but it has been repeatedly demonstrated that the 
microorganism can be isolated from swine that have no demon- 
strable disease. 

Infections in man are largely limited to packing plant workers 
and others who handle animal products. The ubiquity of Erysi^ 
pelothrix rhusiopathiae is demonstrated by the number of cases of 
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erysipeloid among those who handle fish In man, the disease is 
largely limited to the hands and arms where the microorganism 
has gamed entrance via wounds There are, however, several m- 
stances where the infection could be traced to the mgestion of 
pork Of particular interest is the report that a group of veterinary 
students became mfected with Erysipelothrix rhuswpathiae as the 



FIG 34 1 -.Erytipelothrix rhutiopatb* 
lae, agar cuhure, X 2 000 (Ffom 
Nowak Oocumcnto Microbiologica, 
eoortesy Ggjfav Fischer ) 


result of dissectmg an im- 
properly embalmed horse m an 
anatomy laboratory 

Morphology and Staming 
Erystpelothnx rhusiopathiae is 
variable m form In smears 
from blood and tissue it ap- 
pears as a short, slender, 
straight or bent rod, 1 to 2 
microns m length, it often ap- 
pears m pairs or groups (Fig 
34 1) On culture media a 
mixture of short rods and 
elongated, thickened filaments, 
measurmg 5 to 20 microns, 
may be found In hquid media 
the filamentous forms of some 


cultures are bent and twisted 
into a mass resembling a mycebum In young, actively growing 
cultures, pans of rods often form an angle as though they had 
snapped off dumg fission Branchmg is not common but has been 
observed As has been noted, the microorganism .s nonmotile and 

demo^^TlLra Some mvest, gators have 

demomtrated a waxlike covermg The micrcorgamsm stains well 
with ordma^ dyes and is Gram positive Old cultures are easily 
decolormed by acetone alcohol. The thickened, elongated filaments 

“rwur n sranules and is not aeid-fast 

rkus»e“X™;on Erys,pelotHn. 

ditionof seruifto nurenTb^ro/fr^ 

presence of iKp j a enhances the growth The 

de\elopment on solid^or favors rapid and abundant 

shoivn “y the " f “ “ micro-aerophdic, as 

neau, ff-c trfa " cultures U, grow 'be- 

'veU under atmo«^phenc alAough older cultures grow 

temperature, as wcU as at Sge'c” 

pH 7 4 optimal reaction of media is 



Erysipelothrix 565 


Two types of colonies are formed. The short rods, the so-called 
“S” or smooth types, form small, round, discrete, translucent col- 
onies with entire edges, seldom more than 1 mm. in diameter. The 
elongated filamentous forms are found in colonies that are opaque, 
have uneven surfaces and edges, and tend to become confluent. 
They may measure 2 to 4 mm. in diameter. These large, irregular 
colonies are referred to as the “R” or rough forms. In broth the 
short rods, or the “smooth” type of the microorganism, form a 
uniform turbidity with no pellicle and very little sediment. The 
elongated, or “rough” type, produce a heavy, turbid growth with 
sediment in broth. In gelatin stabs the growth radiates from the 
line of inoculation to form a characteristic test-tube brush appear- 
ance. 

Resistance. Erysipelothrix rhusiopathiae is remarkably resist- 
ant for a nonsporeforming microorganism. It resists drying at 
room temperature for several months. When kept moist, cultures 
will remain alive for six months or more. A broth culture has been 
reported to be viable and able to kill mice after standing for seven- 
teen years. Exposure to sunlight destroys the organism in twelve 
to fourteen days. It is readily destroyed by boiling. A temperature 
of 70°C. kills the microorganisms in five to ten minutes, but the 
fact that they remain alive in smoked or pickled meat for several 
months is important. Pieces of pork 6 inches thick require cook- 
ing for two and a half hours to destroy the bacillus in the tissues. 
It has been found alive in cadavers seven months after death. In 
alkaline soil, which may be a source of infection, the organism 
lives and multiplies during the warmer months. 

Certain strains have been found to survive, and even multiply, 
in concentrations of phenol that are destructive to many other 
microorganisms. Bichloride of mercury 1:100, formalin 2 per cent, 
cresol compound 3.5 per cent, and phenol 5 per cent will destroy 
the organism in five to fifteen minutes. The various sulfonamide 
preparations appear not to be effective in vivo against Erysipelothrix 
rhusiopathiae. The microorganisms are sensitive to penicillin and 
to streptomycin. 

Biocheinical Properties. Erysipelothrix rhusiopathiae is not 
active in producing changes on the differential media in common 
use. It does not form indol; does not reduce nitrates; is negative 
to the Voges-Proskauer, the methyl red, the methylene blue re- 
duction, and the catalase tests; and does not hydrolyze esculin. The 
production of H 2 S by this organism depends upon the type of 
medium under which it is cultured. No detectable HjS is produced 
in some media, but when the culture is grown upon a medium con- 
taining lead acetate and scrum, H-S is apparent after four days’ 
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incubation It forms acid but no gas from glucose, galatose, fruc- 
tose and lactose and produces a delayed reaction in mannose and 
cellobiose 

There is no surface growth or liquefaction of gelatin, L,itmus 
mdk may show a sbght acid reaction, but there is usually no 
change A narrow green zone of hemolysis occurs around deep 
colonies m blood agar 

Antigemc Structure The results of cross agglutinaUon tests 
using unabsorbed serum indicate that all strains of Erystpelothnx 
rhusiopathme have at least one common antigen However, it has 
been possible to separate by cross-agglutmation certain strains of 
the microorganisms into several serologic groups, dependmg on 
the quantitative differences in the amounts of the common factor 
or factors Furthermore, by agglutinin absorption procedures it 
can be demonstrated that there are separate serologic types of 
firysipelothrix rhusiopathtae which may be due either to type- 
specific antigens or to quantitative differences m the antigens com- 
mon to all There appears to be no correlation between serologic 
differences and the source of the culture 

Pathogcmcity In Europe it is reported that the finer breeds 
of swine are mote susceptible to infection than the coarse, more 
rugged breeds In North America apparently all breeds are equally 
susceptible Pigs from the age of three to eighteen months are more 
readily infected with the swine erysipelas bacillus, but the resist- 
ance shown by the very young is only a relative one, and many 
outbreaks of the disease among suckling pigs have been reported 
Swine erysipelas presents itself in three recognizable forms 
the acute or septicemia type, the chronic form VAth endocarditis 
and arthritis, and the skin fonn or ‘^diamond skin disease” which 
may be followed by gangrenous dermatitis 


The acute form is characterized by its sudden onset, high tem- 
perature, rapid course, and high mortality which varies from 25 
to 75 per cent Areas of hemorrhage may appear on the ventral 
portions of the animal whidi become dark red as the disease pro- 
gresses Accompanymg symptoms are loss of appetite general 
depression, and often discharge from the eyes Post mortem exam- 
ination reveals hemorrhagic gaslro enteritis and marked enlarge- 
ment of the spleen which has become dark red The lymph nodes 
w swollen and hemorrhagic Petechial hemorrhages may be 
tound on tbe serous surfaces of the organs The lungs are usually 
congested and edematous If the course of the disease is prolonged 
the organs and fat become ictenc and this manifestation is ac- 
companied by perirenal edema 

erysipelas is ehoiacteiizad by 
vcgolativc endocarditu of the heart valves, partieularly the mitral 
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This may also be accompanied by chronic arthritis, in which the 
joints of the limbs become enlarged, giving the swine a character- 
istic stilted walk. The arthritis occurs without the heart lesions in 
many instances. Chronic swine erysipelas is not often fatal, but the 
affected animals do not gain weight rapidly. 

The urticarial form of swine erysipelas, called “diamond skin 
disease,” is a mild infection characterized by the development on 
the skin of well-defined, diamond-shaped spots 1 to 5 cm. in di- 
ameter; these appear on the back and sides of the animal as dark 
red or purple areas which become raised. Extensive gangrene, with 
subsequent sloughing of the skin, often follows the “diamond skin 
disease.” 

The reproduction of the disease in swine by intravenous, intra- 
muscular, or subcutaneous inoculation with virulent cultures is 
not routinely successful. In 1944 Fortner and Dinter demonstrated 
that culttires applied to skin scarifications resulted in a severe 
erythematous lesion along the scratch and in case of the virulent 
cultures in generalized infection. This technic has been confirmed 
by Shuman, who has found it valuable in the study of immunity. 
In 1955 Hughes i*eported that generalized swine erysipelas could 
be produced by the inoculation of a virulent culture into the ear 
vein. 

In sheep the infection with Erysipelothrix rhusiopathiae is 
characterized by chronic polyarthritis. The infection is probably 
soil-borne and enters the body through the umbilicus at birth. 
Lambs up to 3 months of age appear to be most commonJy stricken. 
In spite of the extensive polyarthritis that may occur, the paren- 
chymal organs are not involved. 

In addition to causing outbreaks of disease in swine and sheep, 
Erysipelothrix rhusiopathiae has been isolated in sporadic cases of 
infection of horses, cattle, dogs, reindeer, kangaroo, and wild boar. 

Natural infections in turkeys, geese, ducks, chickens, and 
pigeons are of an acute nature. The postmortem appearance in 
birds is that of peracute septicemia. Attempts to infect poultry 
artificially are not always successful, however, and many authors 
conclude that fowls are relatively resistant to infection with the 
swine erysipelas bacillus. 

Of the laboratory animals, mice and pigeons are highly sus- 
ceptible to experimental infection. Both die in eighteen to ninety- 
six hours of acute septicemia. Rabbits are quite resistant. Sub- 
cutaneous injections into rabbits may give rise to local inflamma- 
tion and edema, and highly virulent cultures may cause death in 
a period of from several days to a week. Intravenous injections are 
more often fatal to rabbits, and death often occurs in two or three 
days. Guinea pigs are markedly resistant to infection with the 
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me erysipelas bacillus Horses, calllc, dofis, and cats are reactive 
to atUficval inoculation of virulent strains 

Erysipeloid, os the disease is known m man, is charactcnzca 
by a pamful swelling at the pomt of inoculation in the skin 
The area becomes reddened turns purple, and some necrosis o 
the skin and subculis occurs The regional Ijinph nodes may be- 
come enlarged and painful Arthritis may develop in llie near y 
joints The disease is not often fatal and rarely becomes generaliicd 
Immunity Animals that recover from swmc erysipelas remain 
permanently unmune although many may continue to harbor and 
disseminate the causaiive agent Swine of more than eighteen 
months of ago show a relative resistance which possibly may be 
attributed to early exposure 

Pasteur and Tliuiller devised the first method of immunization 
m 1882, which is of historical interest only They found that the 
swine erysipelas microcrganism could be attenuated by passage 
through rabbits and that its virulence could be exalted by passage 
through pigeons Their method of immunization consisted of m- 
jectmg a live culture of an aUenualcd strain, followed m twelve 
days by mjection of a virulent strain. The method has been aban* 
doned because the injection of the virulent culture was found to 
be capable of actually causmg the disease m some instances Senous 
losses were known to result, and the disease actually was propa> 
gated in new localities by use of virulent cultures for vaccines 
The simultaneous method of vaccination against svvmo erysi 
pelas IS now commonly used m Europe The method of Lorenz, 
who introduced the simultaneous, or serovaccmation method, con- 
sists of, first, injecting a virulent culture, followed immediately by 
mjection of immune scrum A modification of this method is to 
mix the vaccine with the immune scrum immediately before use ond 
to employ the mixture for inoculation m a smgle dose In the swine- 
raisuvg section of the middle western part of the United States, herds 
may be given two mjections of vaccine along with immune serum 
after the disease has been foimd to be present on the premises It 
has been observed by Shuman that the vaccination of gilts with 
culture and serum, just before breedmg will afford protection to 
the newborn pjgs until weaning time The immune serum made 
by hypenramumzmg horses is very eRective in treating sick ani- 
mals Symptoms of acute swine erysipelas may be caused to abate 
m twenty four hours or less by the use of immune serum. 

The produclion of immunily agamst aay dissease by the use of 
a living culture has a number of disadvantages This fact is true 
o swine e^sipelas The report of the value of a formalm killed 
dummum hydroxide adsorbed bacterin by Traub m 1947, and by 
Dmter m 1948 was viewed with great mterest The appbcatlon of 
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this method experimentally by Coopei, Personeus, and Choman, 
and by Harvey et al , has revealed that satisfactory immunity may 
be produced Shuman has also shown that the use of this type of 
bacterm m swme produces an increased resistance to the disease 

Gray and Norden have reported a new immunizing agent called 
erysipelas vaccme aviiulent (EVA) which is composed of a livmg 
avirulent but highly antigenic stiam of Ery rhusiopatluae Experi- 
mental and field trials with this vaccme mdicate that it is an effec- 
tive immunizing agent It may be used simultaneously with im- 
mune serum or used alone 

Prophylactic use of the immune serum is valuable m swme- 
raismg but the passive iminumty is of short duration and cannot 
be rehed on for longei than two weeks Specific immune serum 
has been used prophylactically and for treatment of turkeys and 
ducks, with some reported beneficial results, but there seems to 
be no agreement as to the practicability of such procedures 

Diagnosis. The diagnosis of infections due to Erystpelothnx 
rhusiopathiae may be made with certamty only by bactenologic or 
serologic precedures Swme erysipelas may readily be confused 
with other acute septicemic infections The chronic forms of the 
disease, accompanied by valvulai lesions, arthritis, or skin mani- 
festations may also be caused by other microorganisms 

The slender, Gram-positive rods may sometimes be found in 
smears of tissue Large clumps of the bacteria often are observed 
m smears of blood from pigeons (Fig 34 2) and in smears from the 
spleen or kidneys of mice which have been moculated with material 
obtained m cases of swme erysipelas The microorganism can be 
demonstrated by moculation of blood or serum agar The tiny, 
smooth colomes, which may not be seen for several days, may then 
be transferred to suitable differential mediums for identification 
Packer has shown that Brystpelotlinx rhusiopathiae may be more 
easily isolated from contammated tissues if sodium azide and crys- 
tal violet are mcorporated m the medium 

Serologic tests are of value only m the chronic infections The 
agglutination test has been found to be a useful procedure for de- 
tecting chronically mfected animals m herds where, if allowed to 
remain, they may be constant sources of the infection 

The antigen for the laboratory tube test is made by centn- 
fugmg the microorganisms out of broth cultures and resuspending 
them m fonnohzed physiologic salme solution Serum dilutions are 
made in the ordinary manner with the antigen and mcubated for 
four hours at 37°C The tubes are then centrifuged for a short time 
before bemg read. In positive tests the supernatant fluid will be 
cleared, while in negative tests it will remam turbid A rapid 
serum or whole blood test is made by mixing a drop of serum or 



570 Vofeiinary Baeicfiology and Vitology 


blood ^ith a drop of antigen 50 times heavier than that used for the 
tube test A positive rcattion is indicated m a few minutes by 
the formation of clumps Tins rapid agglutmatiou test which may be 
used m the field for chrome swmc erysipelas is more commonly 
used than the laboratory tube test 


A rapid laboratoiy test may 



‘ made by using as the antigen 
a twelve-hour to twenty-four- 
hour broth culture of the 
smooth type of the organism. 
Hanging drops are made of 
serial dilutions of suspected 
serum and the broth cultures 
After mcubation for five to 
fifteen mmutes the hanging 
drops are oxammed microscop- 
ically. A positive test is in- 
dicated by marked clumpmg 
of the microorganisms In a 
negative test the bacilh remam 


FIG 34 2 — Erysiptlelhrix rhgtiopolh- 
ia«, imeor of pigeon blood, x 2,000. 
(From Nowok Ooeumento Microbio- 
logiea, cogriejy Guitav Fi»«her) 


evenly distributed throughout 
the field with no tendency to 
form clumps. 

Care should bo taken in 


, . making the hanging drops to 

prevent contammation of the hands 
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The Genera Actinomyces 
and Nocardia 


These genera include the organisms which form a branched 
mycelium that may break up into small coccoid or bac i llary 
ments that fuucUon as conidia The filaments are often clubbed 
toward the ends and form in colonies radiatmg from a center The 
greatest number of species are sod saprophytes, while a few are 
saprophytic and parasitic upon man and animals 

The most typical member of the genus Actinomyces is Act 
bovis The varied history of this organism is given later It is signifi- 
cant to note herCj however, that m addition to Act bov^s, the 
speaes Act tsraeli is now recognized (Bergey’s Manual 1948) In 
a recent study (1950) of strains of Actinomyces of both human and 
bovme origin Thompson has corroborated the work of others m 
concludu^ that there are two separate species which should be 
called Actmomyces bouis and Actirwmyces Israeli 

The genus Nocardia represents those actmomyces which are 
aerobic, diflermg from the anaerobic members of the genus Ac- 
tmomyces Two species of this genus, Nocardui farcinica and No- 
cardia CQprae will be described briefly 

Actinomyces bovis 

SjTionj'ins and History. Discomyces bouts, Nocardia acttno- 
myces, Streptothnx actmomyces, Streptothnx bovis, the “ray fun- 
gus” 

Actmomycosis, as a disease, was reported long before the or- 
ganism was known to exist, m fact, Moodie reported findmg bone 
necrosis, simulaUng actmomycosis, in the fossil remains of a 
rhmoccros In 1845 Langenbeck reported findmg a ray fungus m 
a voung man suffering with Pott’s disease The presence of sulphur 
granules m actmomycosis of the bovme was reported by Rivolta 
m 1868 He considered that such granules were organisms and 
corned the name Dtscomyces hovis It must be noted that this or- 
ganism might have been AcUnobactUus Ugnieresi The real sigmfi- 

isni 
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cance of the organism as a specific agent of disease was determined 
in 1877 by Bollinger who called the disease actinomycosis. Bollinger 
took specimens containing the organism to Harz, a botanist who 
noted the ray fungus characteristic and suggested the name, Actino- 
myces bouis. In 1878 Israel observed a similar organism in a sup- 
purative lesion in man, and in 1891 Wolf and Israel were able to 
culture it on artificial media under anaerobic conditions. These 
workers are credited, by some, as being the first to discover the 
organism. In 1891 considerable confusion was introduced by Bos- 
troem, by the isolation of an aerobic organism from typical 
actinomycotic lesions in man and in cattle. He believed his 
organism was Actinomyces hovis. It was present upon various 
grasses as a saprophyte and was considered to be introduced into 
deeper tissues of the buccal cavity by the penetrating action of sharp 
awns. Bostroem’s organism was not pathogenic for guinea pigs or 
rabbits and its relationship to actinomycosis was doubted first by 
Wright in 1905. Since then, the etiological relationship of the or- 
ganism to actinomycosis has been completely disproven by many 
investigators. Bostroem’s organism is considered under the name 
Actinomyces hominis ( Actinomyces graminis of Topley and Wilson) , 
a contaminating saprophyte which can be isolated frequently from 
actinomycotic lesions. Acttnomyces bouts is considered to be the 
organism first observed by Bollinger, described and named by Harz, 
and isolated in pure culture by Wolf and Israel. 

Distribution and Transmission. Actinomyces bouts is widely 
distributed throughout the world in regions devoted to the grazing 
of cattle herds. It is common in south Russia, the Scandinavian 
countries, England, Holland, and Italy, but uncommon in France 
and Germany. In the United States the organism is found in the 
north central states and in the western grazing states. 

The organism is a normal inhabitant of the mucous membranes 
of the upper respiratory and digestive tracts. It has been found in 
the tartar of tee^ and in decaying food material on the gums. The 
relationship of the a^vns of the bearded grasses to the infection is 
considered mechanical. Such sharp objects penetrate the tissues of 
the buccal cavity, aflord a channel of entry, and produce primary 
necrosis of tissue which is essential to the development of the or- 
ganism. In this respect the anaerobic conditions necessary for the 
multiplication of this organism arc similar to those for the CIos- 
tridmm group. 

Morphology and Staining. Actinoinyces bouis is a long, fila- 
mentous branching organism when grown under artificial con- 
ditions. Many of the filaments contain small coccoid forms which 
are considered to function as conidia (Fig. 35.1). In the infected 
tissues llie organism forms typical “ray fungus” granules from 1 
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to 2 mm m size When an unstained preparation is examined 
under the microscope, these granules are found to be composed 
of a mass of clubhke processes onginatmg at the center of the gran- 
ule Many of the processes are well formed while others are 
small and ill defined (Fig 352) The granules are compact, 
and many are calcified, but when placed between two sbdes they 
are easily crushed If a smear which has been made in this man- 
ner IS stamed with the Gram 
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stam, the long, slender, fila- 
mentous type of organism is 
found The organism is Gram- 
positive and nonacid-fast 

Growth Requirements and 
Characteristics. The organism 
grows best upon primary iso- 
lation under anaerobic con- 
ditions, but when adjusted to 
artificial media it will grow 
aerobically The presence of 10 
per cent CO 2 is stimulatmg to 
the organism Origmal growth 
IS slow, takmg several days 
for a colony of any significant 
size to form A favorable me- 
dium for the cultivation of the 
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A compact, white deposit of mulberry-like granules forms in 
broth medium. The granular sediment is not disintegrated upon 
shaking. 

Coagulated serum medium and Dorset’s egg medium support 
a moderate growth of the organism. The appearance of the cultures 
on these media is similar to that on agar but is usually more glisten- 
ing; some strains may have a pink tinge of color. The media are 
not liquefied. 

Resistance. The organism 
is killed at 60°C. in 10 minutes. 

It is not resistant to the mer- 
curial disinfectants hut is re- 
sistant to phenolic compounds. 

It is killed by a 1: 1,000 solution 
of HgClo in 5 minutes. Artifical 
cultures of the organism must 
be transferred often in order 
to maintain them. The granules 
are resistant to desiccation 
and more resistant to chemi- 
cals than, the filamentous 
forms. 

Biochemical Properties. 

Actinomyces bovis produces 
acid, but not gas, from glucose, 
maltose, lactose, and salicin 
under anaerobic conditions. It is able to reduce nitrates to nitrites 
and to produce ammonia, but gives a negative reaction for indol, to 
the M.R. and V.P. tests, and for H-S and catalase production. The 
organism grows slowly in litmus milk which it peptonizes in about 
forty days. It liquefies gelatin slowly. 

Antigenic Structure and Toxins. Little data are available con- 
cerning the antigenic structure of the organism. Colebrook found 
three strains of the organism antigcnically different. Magnusson 
reported three serological types; Type A was found in cattle and 
Types B and C in swine. Exotoxins are not formed. 

Pathogenicity. Actinomyces bovis is pathogenic for the bovine, 
swine, equine, and man. 

The lesions produced by the organism in the bovine are most 
prevalent in the mandible and in the tongue, although they may bo 
found in any of the tissues of the cervical region and on rare occa- 
sions are quite generalized throughout the internal organs. The or- 
ganism is spread from localized lesions by continuity of tissue or by 
the blood stream. Lesions of actmomycosis vn animals and in man 



FIG. 35.2 — Actinomyces bovis, un- 
stained granule in octlnomycotie pus, 
X 110. (From Nowok: Documenta 
Mtcroblologico, courtesy Gustav Fis- 
cher.) 
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are characterEcd by abscess formation with encapsulation As the 
process advances, connective tissue mcreases, and the lesion becomes 
dense and compact The affected part increases m size, which has 
given rise to common names for the disease, such as, woo en 
tongue” and ‘ lumpy ]aw ’’ Kimball, Twichaus, and Frank have 
found the organism in. orchitis of the buiL 

Cases of actinomycosis due to Actinomyces bovis have been re- 
ported from swme, horses, and sheep In swme it is considered 
prevalent as a mammary infection of nursing sows, presumably 
due to the sharp teeth of suckUng pigs 

Kimball and Frank report that this organism was recovered m 
40 out of 55 typical, previously unopened cases of fistulous withers 
and poll evil m the horse The relationship of the organism with Br 
abortus and Br suis m producing a bursitis m the supraspmous 
bursa of the horse has been shown by Roderick, Kimball, McLeod, 
and Frank, In a case of pulmonary acUnomycosis m the dog, Men- 
ges, Larsh, and Habermann observed the organism and considered 
It to be the cause of the condition 

This organism is pathogenic for the rabbit and gumea pig, and 
when it IS inoculated intraperitoncally into those animals, it pro- 
duces encapsulated nodules similar to tubercles over the omentum 
Immunity Actmomycosis is so chronic that it is apparent that 
some degree of resistance is possessed by the normal animal The 
resistance is not increased by the mfection, apparently, because the 
disease progresses continuously Artificial immunization is not 
practical 

Diagnosis The presence of Actinomyces boms in the cervical 
region of cattle is detected only by the demonstration of Gram- 
positive filamentous cells Other orgamsms, notably Actinobacillus 
hgnieresi, Staphylococcus aureus, and Corynehactenum pyogenes 
may be found m cervical lesions 

It must be re emphasized that the presence of sulphur granules 
IS not diagnostic of actmomycosis, masmuch as such bodies are also 
found m actmobaciUosis 

Achnomyces Israeli 

Previous mention has been made of the history of this organism 
While the majority of strains of Actmomyces which produce m- 
fection in man probably are Act Israeli, U is bebeved that Act. bovis 
IS also found in typical cases of actmomycosis of the human family 

The morphology of Act boats and Act israeli is not significantly 
different The colonies of Act boots are usually smooth and soft in 
consistency as contrasted to those of Act israeh which are rough and 
have a pebbled surface as the culture ages 

In b^n broth Act boots grows slowly without producing any 
appreciable change m the medium Act Israeli grows more abim- 
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dantly in this medium, producing a slight acid reaction. Act. hovis 
produces a diffuse growth in thioglycollate medium but Act. Israeli 
forms discrete, compact colonies, irregularly round, and variable in 
size. 

The type of lesion produced by Act. Israeli is not substantially 
different from that caused by Act. bovis, which has been described 
above. 

Nocard/a farc/nrcus 

In 1888 Nocard isolated a filamentous organism from a disease 
in cattle that was commonly known as “bovine farcy.” The disease 
caused by this organism is characterized by enlargement and ulcera- 
tion of the lymph vessels of the inner surfaces of the legs. The 
regional lymph nodes are commonly involved, becoming enlarged 
and in some cases ulcerated. The disease is extremely chronic, 
continuing for one to one and one-half years before the general 
condition of the animal is unduly disturbed. Eventually, however, 
the animal dies with emaciation. 

This organism is long and filamentous and breaks up into 
typical segments of small coccoid cells. It is stained easily by the 
aniline dyes and is Gram-positive. It is acid-fast, thereby differing 
from most of the pathogenic actinomyces but resembling certain 
soil actinomyces. The organism grows readily under aerobic con- 
ditions on agar, forming yellowish-white, granular colonies which 
later coalesce and form a heavy membrane. In broth it forms into 
iiTegular whitish masses, some of which sink to the hottom and 
others which remain on the surface and resemble flakes of paraffin. 

Nocardia farcinicus produces natural disease in cattle only, 
but miliary lesions are produced in sheep by intravenous inocula- 
tion. Horses, mules, asses, dogs, and cats are resistant. Tubercle- 
hke lesions are produced in guinea pigs and rabbits by intraperi- 
toneal inoculation; miliary lesions are formed in the lungs, liver, 
and spleen by intravenous inoculation. The disease has been re- 
ported from the European continent but has never been foimd in 
the United States. 

Nocardia eaprao 

In 1897 Silberschmidt isolated a streptothrix from the lungs of 
a goat affected with a disease similar to tuberculosis. The organism 
forms long filaments which segment into small bacillary and coccoid 
cells. It is Gram-positive and nonacid-fast. On agar this organism 
produces dry, irregular colonies which have a mealy, warty surface. 
Potato is a satisfactory medium for growth, and on this medium 
the colonies are rose-red in color, which later turns to chalky-white. 
Dry colomes form on the surface of broth. The organism produces 
tubercle-like lesions in the guinea pig, rabbit, and monkey. 
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The Spirochetes 


Spirochetes are microorganisms which are slender and spiral m 
shape, motile by means of a flexuous motion, and they multiply by 
transverse fission Most of the forms which have been described 
are saprophytic upon plant and animal life, some are parasitic, and 
a few are pathogenic for man and animals 

The spirochetes were among the first types of microscopic life 
observed and described by Leeuwenhoek in 1681 The large forms 
which are representative of the group were seen in various types 
of plant mfusions by the early microscopists, and as early as 1837, 
Donne observed spiral shaped microorganisms in smears from 
genital lesions In 1833 Ehrenberg used the name Spirockaeta for 
a large, free-hving, spiral-shaped organism The first spirochete of 
any pathogenic significance was described by Obermeir m 1873 
This organism was found m the blood of patients suffermg with 
relapsmg fever In 1891 Saldiaroff found that a spirochete was 
die cause of a goose septicemia m Russia, and m 1902 Theiler ob- 
served a spiral-shaped organism m a febrile condition of cattle m 
South Africa 

The spirochetes were considered bacteria until 1905 when 
Schaudmn and Hoffmann concluded studies on the spiral organism 
of syphilis They compared the orgamsm with a flexuous protozoan 
parasite, a trypanosome of birds, and concluded that it, too, was a 
protozoan As a result of their classical studies, the spirochetes 
were claimed by the protozoologists During the past twenty years 
it has become obvious that these microorganisms are closely related 
to the bacteria and at the present time they are classified as bacteria 
m the order Spirocliaetales It is freely admitted, however, that the 
spirochetes show some of the characteristics of the flexuous protozoa 

The differentiation of the spirochetes is difficult because they 
are not cultivated with ease on artificial media and are devoid of 
marked biochemical activity Present-day classifications are based 
upon the morphology of the different types, and on these character- 
istics two famihes are recognized 
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These families are listed and described in Bergcy’s Manual, 
1948 as follows 


FAiiiLY I Spirochactaccac spirals 30 to 500 microns in 
length having definite protoplasmic structures 
Family II Trcponemataccae spirals 4 to 16 microns in length, 
having no obvious protoplasmic structure 


None of the genera in the family Spirochactaceae has species 
which are pathogenic for animals, although some have been isolated 
from oysters, shell fish, and mollusks 

The family Treponemalaccac contains three genera which do 
have species pathogenic for animals and man These genera arc 
differentiated as follows 


I Stains ca«:ily with aniline d>es 
Genus I Borrelia 

II Stain with difficulty except with Giemsa's stain or by silver 
impregnation 

Genus II Treponema, strict anaerobes 
Genus III Lcptospiro, aerobes 


The species m each of these genera which 
diseases m animals and man will be discussed 


are related to specific 


THE GENUS BORRELIA 
Borrelia anserina 

Spirochaela gallmanim, Spironema 
itZZ’ ensenna, Bemelia 
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linaCf and by the ingestion of fecal material from infected ticks has 
been considered probable. The organism can be transmitted by the 
contact of susceptible birds with the feces of those infected. Loomis 
observed in his study of the disease in turkeys in California that 
the infection was not transmitted by the tick Argas persicus, and 
concluded that the feces of infected turkeys constituted the chief 




\ 





FIG. 36.1 — Borrelia on$erina in blood 
of goose, Giemsa stain, X 2,000. 
(From Nowok: Documento Mlcrobio- 
logico, courtesy Gustav Fischer.) 


source of infection. 

IMorxiliology and Stainhig. 

Borrelia anseri7ia is a long, 
spiral organism, 10 to 20|r in 
lengtii, with an average of one 
spiral per 1.5 micron (Fig, 

36.1) . The organism is not flag- 
ellated but does possess termi- 
nal filaments. It is actively mo- 
tile. In old cultures small 
granules or coccoid bodies 
which are considered to be 
representative of pleomor- 
phism have been found. These 
same bodies have been ob- 
served in ticks. The organism 
is stained readily with dilute 
carbol fuchsin and Giemsa’s stain. It is also easily demonstrated by 
the silver impregnation method of Levaditi and by the use of India 
ink. It is Gram-negative and nonacid-fast. 

Growth Requirements and Characteristics. This spirochete is 
grown only under anaerobic conditions at a temperature of 37°C. 
It is cultivated with some difficulty, but the use of ascitic fluid con- 
taining pieces of rabbit kidney or heart muscle has been found satis- 
factory. It does not produce any characteristic type of growth, and 
nothing is known concerning its biochemical properties. 

The organism is not resistant, and subcultures must be made 
weekly in order to maintain viability. 

Pathogenicity. Borrclkt anseriiui is found most often in chick- 
ens but has been reported in ducks, turkeys, and geese. The disease 
is characterized by an acute septicemia which is fatal within three 
or four days. The disease is most fatal to young birds. It is accom- 
panied by a rise in temperature, drowsiness, diarrhea, and emacia- 
tion. Anemia and enlargement of the spleen are commonly ob- 
served, due to the destruction of red blood cells by the toxic 
products liberated by the disintegrating organisms. 

Experimentally, the organism has been found to be pathogenic 
for ducks, geese, chickens, guinea fowls, turtledoves, sparrows, 
pheasants, pigeons, and canaries. It is not pathogenic for mammals. 
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Although it multiplies to some extent in rabbits after parenteral 
injection, it does not produce any significant disease McNeil, Hm- 
shaw, and Kissling were not able to infect rabbits, rats, lambs, or 
lizards with the organism 

Immuni ty Fowls which have recovered from the disease are 
considered to be xmmimc Marchoux and Salimbcni showed in their 
original work that fresh blood heated to 55°C for 5 minutes pro- 
duced an immunity m susccpitible birds Immune serum produced 
m horses and goats by the inoculation of blood from mfected chick- 
ens has been found to be of value under experimental conditions, 
however, this procedure has not been employed as a practical 
means of controllmg the disease m chicken fiocI« 

Diagnosis. The type of septicemia produced by Borrelta an- 
sertTia m the avian family can bo diagnosed accurately only by the 
demonstration of the organism m blood smears Agglutinin is pro- 
duced by the infection, but the agglutination test is not used as a 
method of diagnosis 


Borrelta fheilert 

Synonyms and History. Spirochacta Ihcilcn, Spironema thcil- 
en, Treponema theiUrt 

In 1902 Theiler, m South Africa, found a long, spiral organism 
aKociated with a minor fobrilo disease of catUc In some respects 
the disease was similar to piroplasmosis or tick fever This organ- 
ism IS transmitted from the infected host to susceptible ammals by the 
bite of ticks, such as Rhipicepiiolus dccolomtus and Rhipicephnlus 

meder and m 1906 Stordy observed the orgamsm in a horse These 
rcS^c3!T 4'" Spii-M/ioeta ov« and Spirochacta cqui, 
obtained bv’Todr°'I Knapp The cross-agglutmation results 

in ^ organism measuring 0 25 to 0 Sji 

flexuous motion It'w filaments and a 

blood stains ^ Giemsa stain or other suitable 
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According to the above investigators Borrcha hyos, as named 
by Bergey, is a large spirochete 5 to 7p in length by Ip m width 
It IS flexible and round on its ends; however, a polar flagellum was 
observed on one cell by the India-mk method In addition to the 
spirochete, these authois observed distinct, highly refractive bodies 
m hog cholera blood and suggested that these granular bodies may 
represent certam stages in the life cycle of the spirochete 

This organism was cultivated upon a medium composed of 
human ascitic fluid and fresh rabbit tissue by Hoskins This m- 
vestigator could find no etiological relationship of the organism 
wth hog cholera 

THE GENUS TREPONEMA 

None of the species m the genus Treponema is of any signifi- 
cance to ammal health One organism, Treponema cu7iicuh, has 
been isolated from rabbits but is not prevalent or of great im- 
portance Treponema palUdum, the cause of syphilis m man, is of 
great health significance to the human race and warrants a brief 
consideration here 

Treponema pa/Zidum 

Synonyms and History, Sptrochaeta pallidum, Spinllum paflt- 

dum 

In 1905 Schaudinn and Hoffman observed a spirochete m the 
primary chancres of syphilis and m enlarged regional lymph nodes 
They considered the orgamsm was the cause of the disease, this fact 
was subsequently proven by numerous mvestigators Up to this 
time different agents were described as the cause of syphihs These 
were, for the most part, the various bacteria which existed as sapro- 
phytes upon external genitaha 

Distribution and Transmission. Treponema pallidum is widely 
distributed throughout the civihzed world It is generally agreed 
that, quite contrary to other diseases, syphilis had its origm on the 
American contment, for it made its appearance m the old world 
after the return of Columbus from the discovery of this contment 
The infection is transmitted readily by sexual contact and rarely by 
contammated objects Intra-uterme mfection occurs in syphilitic 
mothers 

Morphology and Stoimng. This spirochete is 0 25 to 0 3^ in 
diameter and 8 to 15^i long It is tightly coiled mto eight to fifteen 
spirals which are rigid and with an amplitude of approximately Ip 
The orgamsm is actively motile by means of an undulating and ro- 
tating motion It is not flagellated, although long, polar filaments 
are often observed (Fig 36 2) Granular forms of the organism 
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have been described, but whether these forms are a part of a life 
cycle has not been determmed Multiplication occurs by transverse 
fission No spores are formed 

Treponema pallidum is rendered visible in an unstamed 
preparation by dark field illummation The brilhant, silvery ap- 
pearance of the organism agamst the dark background is quite 
characteristic A number of the more penetratmg stains, such as 

Giemsa and Wright, are suit- 

^ ' -v able to demonstrate the organ- 

^ ^ ism m smears In tissue sec- 

tions, silver impregnation 
methods are commonly em- 
ployed In such preparations 
the organism is stamed a dense 
black color (Fig 36 3) 

Growth Requirements and 
Characteristics Treponema 
pallidum IS cultivated with 
difficulty under artificial con- 
ditions Reports of the growth 
of the organism on Noguchi’s 
medium have been made, but 
it is doubtful if the organisms 
grown were actually the syphi- 
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FIG 36 2 — Treponemq pallidum m 
primary chancre Giemsa slam v 
2 000 (From Nowak Doewmenta 
M erob ologico, courtesy Gustov Fi 
scher ) 
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the disease. All types of the disease can be produced in rabbits by 
appropriate avenues of inoculation. Guinea pigs are susceptible to 
the organism, but they are not used to any great extent in experi- 
mental studies of the disease. 

Immunity. Recovery from one attack of syphilis produces im- 
munity, and persons suffering with an active case of the disease are 
refractive to a second inoculation. Artificial immunizing agents 
have never proven practical as 

a prophylaxis in the disease. • — 

Diagnosis. Syphilis i s 
diagnosed by two laboratory 
methods. Primary lesions of 
the disease are diagnosed by 
the use of dark-field illumi- 
nation in the demonstration of 
the characteristic spirochete. 

Approximately two weeks 
after the first chancre, the 
presence of antibodies in the 
blood serum can be detected 
by appropriate serological 
tests. For this purpose the 
Wassennann test has been uni- 
versally employed. During re- 
cent years the Kahn precipita- 
tion test has been used for rou- 
tine diagnosis. Opinion is somewhat divided concerning the rela- 
tive reliability of the complement-fixation (Wassermann) and the 
precipitation tests for the diagnosis of syphilis. Both tests are suit- 
able but neither can be relied upon as absolutely accurate as diag- 
nostic aids. They are used to supplement clinical observations. It 
must be emphasized that there are two periods when both reactions 
are negative: first, during the first two weeks of the developing 
chancre and, second, during the latent period of the disease follow- 
ing treatment. The student is referred to textbooks devoted to the 
human pathogens for additional information concerning these tests. 



FIG. 36.3 — Treponema pallidum In 
lung of syphilitic fetus, silver impreg- 
nation stain, X 2,000. (From Nowak: 
Documenta Microbiologlca, courtesy 
Gustav Fischer.) 


Treponema cunicu/i 

This organism was first observed by Ross in 1912 and by Bayon 
in 1913. Noguchi named it Treponema cuniculi in 1928. 

It is practically the same size as Treponema pallidum and for 
this reason may lead to some confusion in experimental study. The 
organism produces about the genitalia of rabbits, superficial lesions 
which are characterized by slight elevation and desquamation. 
Generalization of the infection has not been observed. There is no 
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antigenic relationship between this organism and the syphilis spiro- 
chete and rabbits mfected with Treponema cuntenh do not give a 
positive Wassermann reaction 

THE GENUS LEPTOSPIRA 

In the genus Leptospira are found a number of species which 
are pathogenic for man and anunals Some of these species are 
world wide m distribution, while others have been found only m 
isolated areas In common with the other spirochetes, the Lepto- 
spira are cultured on especially prepared artificial media and are 
stamed only by special technics 

They are recognized as species on the basis of pathogenicity 
and by serological tests Wolff lists 36 antigenic types, and beyond 
doubt other strams will be added as more research is conducted 

Gsell has outhned 12 epidemiological prmciples concernmg 
leptospirosis m man and animals with which the student should be 
familiar 


1 Leptospiral infections are zoonoses 

2 The number of animal species naturally infected by leptospires 
IS less than the number which can be infected experunentally 

3 In a given area one animal species generally harbors predomi- 
nantly one serotype of leptospu-e, or at most only a few sero- 
types which are weakly differentiated 
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Three species of Leptospira are known to be of significance to 
animal health in the United States: L. icteroheniorrhagiae, L. cani- 
cola, and L. pomona. 

From an animal disease point of view it is difficult to separate 
L. icterohemorrhagiae and L. canicola for the purpose of descrip- 
tion and discussion; consequently, they will be treated under the 
one heading. 

Leptospira icterohemorrhagiae and Leptospira canico/a 

Synonyms and History. A disease in man characterized by 
fever, jaundice, and petechial hemorrhages was observed as early 
as 1800 by Larrey, That this disease was different from other sim- 
ilar conditions was first noted in 1886 by Weil, after whom the 
disease has been named. The cause of Weil’s disease was deter- 
mined in 1914 by Inada and Ito to be an organism they called 
Spirockaeta icterohemorrhagiae. Subsequently, the organism was 
foimd in the kidneys of field mice and then in field rats which were 
considered to be the main reservoir of infection. This disease was 
confused with yellow fever as late as 1928 by Noguchi and his 
associates, who referred to their spirochete as Spirochaeta icteroides. 
This organism is considered identical with Leptospira icterohem- 
orrhagiaej and yellow fever is now known to be caused by a fil- 
trable virus. 

A canine disease similar to the human infection was described 
as early as 1850 by Hofer. It became epidemic in Germany in 1898 
when it was first called Stuttgart disease. This infection did not 
attract much attention until it was shown that Leptospira icterohevi^ 
orrhagiae was the etiological agent. In 1917 Courmont and Durand 
found that puppies could be infected with the spirochetes which pro- 
duced typical jaundice in man. Lukes, in 1924, and Krivacek, in 
the same year, observed, in the tissues of dogs which had died of 
Stuttgart disease, organisms which were morphologically identical 
to L. icterohemorrhagiae. In 1925 Okell, Bailing, and Pugh 
found the organism in epizootic jaundice in hunting dogs in England. 
The canine strain of the organism was studied in 1928 by Klaren- 
beek, of Holland, who referred to it as Spirochaeta ictero-uraemia 
canis. This organism was subsequently admitted to be the classical 
organism Leptospira icterohemorrhagiae, or, as called in German 
literature, Spirochaeta icterogenes. 

In 1931 Klarenbeek and Schufftier recognized that another 
species, now called Leptospira canicola, was the cause of a consider- 
able percentage of the leptospirosis of dogs. They found that this or- 
ganism differed serologically from the classical strains. Leptospira 
canicola was isolated by Meyer and associates in 1937 in San Fran- 
cisco and has been described by them in subsequent publications. 
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The entire subject of leptospirosis was reviewed in 1939 by Walch- 
Sorgdragor to which article the student is referred 

Distribution and Transmission Human leptospirosis has been 
found m Africa, America, Asia, Australia, and in most of the 
countries of Europe Leptospirosis m dogs has been reported from 
many European countries, particularly Holland and Germany, and 
from the Netherlands Indies, the Federated Malay states, Madras, 
from North America and from Great Bntam 

The human disease, caused by L icteTohemorrhagiae, is con 
traded, for the most part, from infected rats The great majority 
of the cases are obtamed by contact with water mto which infected 
rats are supposed to have elimmatcd the organism contamed m 
urme The rest of the cases result from direct contact with rats 
or their discharges L canicola infection m man is obtamed from 
the dog Leptospirosis in man is most prevalent m males and occurs 
more often durmg the late summer and early fall months of the 
year, presumably due to swimming 

Canme leptospuosis due to L tcterohemonJuiguie is obtained 
from rats, while the disease due 
to L cantcola is always con- 
sidered to be caused by contact 
with infective dog unne It is 
probable that some cases result 
from sexual contact In dogs 
the L canicola disease is more 
prevalent among males, and 
although puppies are suscep- 
tible, the greater percentage of 
cases occur m animals three to 
eight years of age Meyer found 
the highest mcidence of infec- 
tion m San Francisco occurs 
during May and July and again 
m November and December, 
in Holland the peak in the cases 
of disease is reached during 
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These organisms are stained with difficulty, but prolonged con- 
tact with Giemsa’s stain will stain them a reddish color Their mor- 
phology IS best studied under dark-field illummation 

Growth Requirements These Leptospirae are best obtained in 
pure culture by the inoculation of a suitable medium with the de- 
fibrmated blood taken from the suspected case Meyer and co- 
workers have found that Schuf&ier^s modification of Verwoort’s 
medium is satisfactory for cultivation purposes This medium is 
prepared as follows 

Use 1 5 liters tap water (free from chlorine, ram water may be used 
instead of distilled water) and 1 5 gm Witte peptone Boil 

Add 6 cc phosphate mixture composed of 0 35 gm monobasic potas- 
sium phosphate and 133 gm dibasic sodium phosphate and 100 cc dis- 
tilled water Boil 

Add 300 cc Rmger’s solution composed of 0 8 gm sodium chloride 0 02 
gm. potassium chloride, 0 02 gm sodium bicarbonate, and 100 cc distilled 
water Contmue boiling 

Add 150 cc Sorenson's buffer solution, pH 7 2 Boil until precipitation 
IS complete (about 30 minutes) Cool m refrigerator overnight Filter 
Test pH, which should be 6 8 to 72 Bottle Autoclave at 15 pounds for 
15 minutes The medium may be kept m this state m capped bottles 
until needed for use 

Before use add 8 to 10 per cent sterile rabbit serum tube m 2 5 to 
3 cc quantities, and mactivate for 30 mmutes m a 56^C water bath 

Test for sterility 

Various other modifications of the above medium are in use 
It IS important that the pH of any medium be mamtaxned at 7 2-7 4 
and that sterile serum contain no antileptospiral antibody 

The inoculated medium is meubated at 32° to 35°C for as long 
as six weeks before growth may appear Organisms adjusted to 
artificial conditions produce satisfactory growth within a week 

Ucsistancc These orgamsms are not resistant to heat and dis- 
infectants A temperature of 56°C causes death m 20 minutes 
They are able to survive a temperature of ~27°C for 9 months 
(Shigekawa) They do not survive long after elimination fiom the 
animal body, and for that reason transmission is considered to be 
rather direct from the infected to the susceptible animal Speci- 
mens should be exammed soon after collection if the orgamsms are 
to be observed on dark-field preparations, cultured, or inoculated 
mlo experimental animals 

Antigenic Structure. L ictcrohcinorrhagtae and L canicola are 
antigemcally difiercnt, although cross-agglutination does occur in 
\cry low dilutions Numerous other strains of Leptospirae wluch 
are antigemcally different have been isolated from human infections 
m various countries 

Pathogenicity. These two organisms show considerable differ- 
tneo m patliogcmcity for e\pcrimenlal animals 
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L icterohemorrhaguic produces a typical and fatal icterus in 
the guinea pig whereas L cantcola produces lesions only after the 
organism has been mereased in virulence by passage through that 
ammaL Larson has obsen,ed that the golden hamster (Cncctus ac- 
eratus) is susceptible to L camcohz, dying in 4-10 days after 
mtrapentoneal inoculation with the organism. This information is 
of aid m the use of experimental animals for diflcrcntial diagnosis 
L tctcrohemorrhagiae kills gumca pigs, mice, and hamsters, while 
L canicola kills hamsters hut only produces a febrile reaction with 
a loss of weight in guinea pigs, and fails to infect mice 

The water rat is recognized as bemg the reservoir for L ictcrcy- 
hemorrhagiac and is easily infected with the organism, which be- 
comes locahzcd m the kidneys and is climmated in great numbers 
from the unne This rat, however, is not susceptible to L. couicola, 
which persists for a short time m inoculated tissues but docs not 
localize m kidney tissue and has never been recovered from rat 
urme The reaction of the mouse to the two organisms is similar 
to that of the rat 


The dog IS susceptible to both organisms which produce the 
natural disease According to all reports L cantcola infection is 
much more prevalent m dogs than L tctcrohemorrhagtae The type 
of disease produced by each of the organisms is also somewhat dif- 
ferent L canicola produces uremia but very litUc or no jaundice, 
whereas L teteTohemorrhaguxe produces the typical jaundice of 
!!!» * co-workers described a number of typical 
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break of leptospirosis in children who had bathed in a stream in 
Georgia. Serum samples from cattle are found to react in high 
titers to L. pomona in herds where cases of infertility are numer- 
ous. 

Immunity. In their original work on the disease in man, Inada 
and Ito demonstrated that the disease responded favorably to the 
injection of blood from convalescent cases. Later they were able 
to produce in horses an antiserum which reduced the severity of the 
infection but did not prevent kidney lesions. Heat and phenol- 
killed cultures have been used successfully in Japan for the pur- 
pose of immunizing mine workers against the disease. 

Meyer and associates reported the use of convalescent serum 
or serum from rabbits and horses immunized against specific strains 
for the treatment of the canine disease. Their results were very 
favorable when 10 to 50 ml. of serum were injected intranvenously. 
The use of monovalent L, canicola antiserum is always indicated in 
canine leptospirosis since the majority of cases are caused by that 
organism. Larson foimd that specific anti-L. canicola rabbit serum 
would protect hamsters against infection and proved of value as a 
therapeutic agent if used within three days after infection. The use 
of 10-day-old cultures to which 0.2 per cent formalin is added for at- 
tenuation gives satisfactory immunity in dogs, according to Alicata. 
In regions where both types of the organism are present, polyvalent 
antiserum should be used. 

Diagnosis. Three methods are available for the diagnosis of 
canine leptospirosis. In the order of their value, Meyer and associ- 
ates list (1) the agglutination-lysis test, (2) blood cultures and 
guinea pig inoculations with blood, and (3) urine examination by 
dark-field, serological procedures, cultures, and animal tests. 

The rapid plate agglutination test in which heavy suspensions 
of leptospirae are used as antigens gives satisfactory results. The 
significant value of this test in detecting shedders of the organisms 
is emphasized by the study of war dogs by Jones, Roby, Davis, and 
Maurer. These investigators formd 58 (1.33 per cent) positive re- 
actors out of 4,368 dogs tested. 

leptospira pomona 

Synonyms and History’. The organism found in pigs in Argen- 
tina and called L. suis is considered to be identical to L. pomona. 

L. pomona was namd after a village in Queensland, Australia, 
where the organism was isolated from dairy workers by Clayton 
and associates. Other strains found in Italy among rice field work- 
ers, and in Switzerland in swine, were found to be identical to tlie 
Australian strain. 
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Dislritmtioii and Transmission. L jwirioria is known lo be 
present throughout the world In the United States it is the most 
common Leptospira found in cattle and swmc 

The organism is eliminated m the urine of infected animals, 
consequently susceptible animals may become easily mfcclcd by 
the constant contacts they have with such excretion 

Jlorphology and Staming L pomona is similar to L ictcro 
hcmorrhagiae and L conicota m morphology and staining 
characteristics 


GrowUi Requirements. The same basic media are required for 
L pomona as for the two Leptospira described previously 

Resistance. L pomona is susceptible to those dismfectants 
commonly employed against bacteria The organism does not sur- 
vive long outside the animal bod> For that reason, bboralory 
esls and isolal.nns must be conducted soon after the collection of 


Antigenic 
nation with L 
spirae 


Structure L pomona shows some cross-aggluti- 
nutumnnlis and slight reactions with other Lepto- 


it nrodmip^*^'^*^**^* organism is pathogenic to cattlc» m which 
hem,? I r characterized by hemorrhage, 

whTchte^alT^‘'‘“"“ of 010X^0 m 

encountered In outstandmg symptoms arc also 

theTu^al sheds ^yoP'orns arc noted but 

“mt“r zS^ ^"rr:i^ror:ireT; 

elimmate the organism m tbermVrd giv e^'a ptro"se " 


aturo followmg ’expo^ure”'^-'™'’'™^ ° P''°’^oco a rise m temper- 
to the term “periodic oohlhaT become involved, givmg rise 

^.Oered to >>e^betsu^ 

mfected cattle and'swme"^ln"s'” i'"'^ ^ contact with 

dmei^e” IS synonymous with ‘°™ “•‘'""oherd’s 

Borg Peterson andTeri^ =‘“‘‘y °f ‘*'0 dmeasc 

“ouso (zlpodcmu, egrenusf ‘’'‘= ^‘"Pod Bold 

‘Boy believe it is of u^poZ’ee^f ““ *“ ‘1- organism and 
CO ai the transmission of the disease 



Spirochetes 593 


Imni unity. Animals which have recovered from leptospirosis 
are considered to be immune to the stram of organism producing 
the mfection, but are susceptible to other non-antigemcally related 
strains 

Vaccines are available for immimizmg cattle and swme agamst 
the disease When such vaccines are used in problem herds, the 
spread of the infection is immediately controlled Whether wide- 
spread vaccmation agamst leptospirosis will come into general use 
Will depend upon the generahzed spread of mfection m livestock- 
raismg areas 

Diagnosis. Leptospirosis due to L pomona may by diagnosed 
by (1) agglutmation-lysis test, (2) agglutmation test, (3) isolation 
and cultivation of the organism, and (4) complement fixation 
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The Rickettsiaies 


Microorganisms classified in the Order Rickettsiaies are pleo- 
morphic, either minute cocco-bacilU or coccoid, spherical, and ir- 
regular in shape (Fig. 37.1). They are stained lightly with the 
ordinary bacterial stains and are Gram-negative. They cannot be 
grown outside of tissue cells of the infected animal, the insect vec- 
tor, or in the chicken egg embryo. 

In 1906 Ricketts transmitted Rocky Mountain spotted fever to 
guinea pigs and monkeys. In the same year he proved that the 
causal agent of the disease was transmitted by the wood tick, and 
in 1907 demonstrated that the infective agents were transmitted 
through the egg of the tick. In 1909 Ricketts found the microorgan- 
ism in blood smears of man, monkey, and guinea pig, and in the 
tissues of ticks. In 1910 Ricketts and Wilder proved that the louse 
was the transmitting agent in Mexican typhus and described an 
organism which was present in blood smears of humans infected 
with the disease and in smears of the intestinal contents of infected 
lice. These results were substantiated in 1916 by Da Rocha-Lima, 
who proposed the name Rickettsia for the newly-discovered micro- 
organisms in honor of the first discoverer. 

Classification. The Rickettsiaies are discussed in the majority 
of textbooks of bacteriology; however, their exact relationship to 
bacteria, to filtrable viruses, or to protozoa is not clear. They possess 
a number of basic characteristics, such as size, morphology, and 
method of division, which resemble bacteria. They differ from most 
bacteria in being difficult to stain and in their inability to grow on 
artificial media. They resemble some of the small bodies, known 
as inclusion bodies, which are produced within the cells of animals 
infected with certain of the filtrable viruses. They bear some re- 
semblance to those protozoa which are small, irregular, granule- 
like organisms found within the cells of infected animals. 

The Order Rickettsiaies is divided (Bergey’s Manual 1948) 
into three families which are described as follows: 
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F \’\iiLY I Rickcttsuiccae Intracellular parasites, or para- 
sites intimately associated with tissue cells but 
not occurring m erythrocytes Frequently cause 
diseases of vertebrates transmitted by arthropod 
vectors 

Family II Bartoncnaceac Facultative intracellular or extra- 
cellular parasites found characteristically m or 
on erythrocytes of vertebrates May be trans- 
mitted by arthropod vectors 

Family III Chlamydozoaccac Intracellular parasites found 
m vertebrate tissues and not transmitted by 
arthropod vectors 

Each of these families is divided mto numerous genera, many 
of which have species which are paUiogcmc to animals and to man. 

Each family group will be described, and those species of par- 
ticular significance will be discussed 


THE FAMILY RICKETTSIACEAE 

This fraily IS divided mto the three genera Rickettsia, Cox- 
lella, and Cowdna 

Rickettsia There arc six species in the genus Rick- 
bv identified by the type of disease each produces 

“L Rickettsia prou.a.-efc,i is louse- 

RiAetts^ ™ V ‘’'“■''“"'c, Rickettsia nckettsii and 

iekS::: -»u,s„pa.uuski and 

wiUteZcutr^ infections in animals 

Zted to m“ wi b -'"ii'i -e trans- 

texts of Medical Bactenor" t student is referred to 

latter species and the diseasi theyZoduZ"^ discussions of these 
Rickeflsia prowazekii 

R proxtazekit is the cau«;<. r 

disease of man characterned bv hieS infectious 

a generalized macular or mar. ^ ^ver, severe headaches, and 
endemically m Korea disease occurs 

Central Europe, North aZ’ ^ ’"“f’ J“do-China, Serbia, Russia, 
ICO, Guatemala, Colombia Pe’ru^l’ South Africa, Mex- 

has not become established upoi^ th" Ziw organism 

This organism is transmittrf W ilf American comment 
head louse from an mfected perso^ “ 1 "“™ body louse and the 
such hce neither fly nor jump they do “ Although 

hence may become lodged mdlalh ^ T' ““siderablc distances, 
con to person m elose contact l7 ® directly from per- 

contact Lice .pend their hfe on the huLn 
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body, deriving nutrition fiom the blood of their host The or- 
ganism multiplies in the tissue cells lining the intestme of the louse 
(Fig 37 2) , causing a rupture of the infected cells and the libera- 
tion of masses of rickettsia The feces of the louse contain large 
numbeis of the organism by which othei hce may become mfected 
The organism is transmitted to man by the infected hce at the tune 
of feeding and, obviously, the 
hce become mfected from man 
in the same process 

R prowazekit is a minute, 
coccoid, ovoid rod although 
long rods and filamentous 
forms may be seen (Fig 37 1) 

Smgle cells are 0 25 by 0 4(.t in 
size They are nonmotile When 
stained with Giemsa stam the 
organism is light purple It 
does not stam well by the 
Gram stain but is considered 
Gram-negative 

The organism can be culti- 
vated artificially in tissue cul- 
tures of mammahan cells, m 
the mtestme of the louse, in 
modified Maitland media with and without agar, on the chorio- 
allantoic membrane, and in the yolk sac of the chicken embryo 

In addition to man and hce, the orgamsm is pathogemc for 
apes, monkeys, gumea pigs, cotton rats, and the gerbille 

Immunity is produced in man by an attack of the disease 
Killed vaccmes, formerly produced from artificially mfected lice, 
but now from mfected yolk-sac material of the chicken embryo, are 
valuable immunizing agents The disease is prevented m many 
areas of the world by prophylactic vaccmation 

Antibodies are produced by the fifth or eighth day of illness, so 
agglutmation and complement fixation tests may be used for 
diagnosis, usmg antigens composed of the organism Serum from a 
patient with typhus fever aggluUnates (Weil-Felix reaction) sus- 
pensions of Proteus vulgaris, strain 0X19, revcalmg an antigenic 
component which is common to both orgamsms Diagnosis is con- 
fittned by the isolation of R prottazekii from blood clots inoculated 
into gumea pigs or mto embryonated chicken eggs 

Rkfcotfsia typhl 

R typhl is the cause of murine typhus, a relatively niild, acute 
febrile disease of man, of 9 to 15 days* duration, characterized b> 
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FIG 37 1 — Rickettiia prowazekn in 
smear from louse intestine Giemsa 
stain, X 2,000 (From Nowok Docu 
menta Microbiologico, courtesy Gustav 
Fischer ) 
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headache and a macular rash The disease is world-wide in dis- 
tribution and occurs endemically throughout certain sections of the 
southern part of the United States and m Mexico It has been fre- 
quently confused with epidemic typhus 

The organism produces a natural mfection m rats and mice, 
among which it is transmitted by the rat flea and also the rat louse. 

It IS transmitted to man from 
the rat by the rat flea, al- 
though the body louse of man 
IS also known to be a transmit- 
tmg agent 

typht does not differ 
from R proiLozekii m mor- 
phology and stammg charac- 
teristics, and it can be culti- 
vated on the same types of 
media Growth has been ob- 
tamed in the peritoneal cavity 
of X-rayed rats, m the lungs 
of white rats and white mice 
following mtranasal inocu- 
lation, and in the lungs of rab- 
bits foUowmg mtratracheal m- 
* oculation 

folIowinfC^^V^^t' S "r- 

guinea pig gerbiUe wnnr^ u i susceptible ape, monkey, 

squirrel, gopher, cottonUd rahh squirrel, gray squirrel, fox 

opossum, and cat In tht* swamp rabbit, chipmunk, skunk, 

traperito’neal mocutal TrelX I’M - 

Without necrosis * reaction and testicular swelling 

Anubodies dewloped'^^e organism 

by 1? proicazekii infection Th those produced 

«hsease serves to differentiate nature of the 

otherwise accurate diagnosis is typhus, 

Ricketfsm rjckeftsn 

man, an acute febnfe'i,^^ Mmmtam spotted fever of 

. myalgia and arthralgia and marked prostration, 

valops mto rose red '^‘“^hve rash which de- 

was derived. The disease is “““ "‘“ch the name 

In Brard the disjii^fc,” >=‘ntes of North 

Mmas Gerais typhus and m Coh.X Pnnl» lyphus and 

“ -a railed Tob.a tever The 


2 — Riek«ttna prowaiekii m 


courteiy 
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greatest number of cases in the United States occur in the western 
mountain states where the disease is endemic in the tick popula- 
tion. 

The organism is present in numerous species of ticks. In the 
western mountain region the common wood tick Dennacentor 
andersoni is involved; the dog tick D. variabilts is found through- 
out the middle western and eastern states; the rabbit tick Haema- 
physalis leporis-palustris is found throughout the United States, 
north into Canada and Alaska, and south into South America. Nu- 
merous other species of ticks are known to harbor the organism and 
are agents for its transmission among animal hosts from which it 
may be transmitted to those various ticks which attack man. R. 
rickettsii is transmitted through the life cycle of the tick from the 
ova to the adult. It is present in all the tissues of the tick and in the 
feces, hence man may become infected not only by the bite of the 
tick but also by crushing ticks or by handling tick-infested animals. 

Morphologically, R. rickettsii is a small, lanceolate rod often 
occurring in pairs. It is 0,2 to 0.3|i in width by Iji in length. When 
stained by the Giemsa method the organism is blue with purple 
polar granules. It occurs in the cytoplasm of infected cells in dense 
masses of coccoid forms. The organism can be cultivated in ticks, 
in tissue cells of mammalian origin, in Maitland media, on the 
chorio-allantoic membrane, and in the yolk sac of the chicken 
embryo. 

In addition to man and the ticks themselves, the organism is 
known to infect various species of rabbits, squirrels, and mice. 
These animals are not considered to have a natural infection but 
serve as temporary passive carriers during the active life cycle of 
the tick. Mammalian blood does apparently contain an “activator” 
substance which serves to stimulate the growth of the organism in 
the tick. It is during this period of tick activity that man becomes 
accidentally infected. He does not enter into the cycle by which the 
organism is perpetuated. The large domestic animals are not sus- 
ceptible to R. rickettsii. However, dogs and cats have been found 
susceptible to experimental infection. In Brazil dogs are found to 
be naturally infected and are considered to play a role in the trans- 
mission of the disease. The guinea pig is the best experimental ani- 
mal, the organism producing fever, scrotal rash, necrosis of the tips 
of the ears and foot pads, and a markedly enlarged spleen. Monkeys 
and rabbits are susceptible and may be used as experimental ani- 
mals in studying the disease. 

A permanent immunity is developed in man by an attack of 
the disease. Vaccines prepared from infected ticks and from the yolk 
sacs of fertile chicken eggs arc used for Immunization. The disease 
is diagnosed by symptoms with the aid of the inoculation of guinea 
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pigs and egg embryos, the Weil-Felix reaction, the virus-neutraliza- 
tion test, and the complement-fixation test 

Riclccffsja conorii 

R cononi is the cause of Boutonneuse fever of man, a benign 
disease characterized by a maculopapular eruption on the palms 
and soles and a black, hemorrhagic area at the site of the tick bite 
This disease is also known as Marseilles or Mediterranean typhus 
It IS found m various countries bordering on the Mediterranean Sea 
The organism is transmitted almost exclusively by the dog tick, 
R sanguintiLs, in which it may hve durmg the entire h£e cycle of 
the tick Dogs do not show an apparent infection and are of signifi- 
c^ce m the disease only by servmg as hosts for ticks Rabbits, 
sheep, pigs, pigeons have been found resistant to the disease The 
gumea pig is susceptible, and the same type of disease, except 
milder, is produced as by R nckettsu 

^ » morphology and stammg 

p optics and may be cultivated upon the same types of media 

rrimni ^ ^ agHosed by its peculiar symptomatology, by 

noriTfort Vaccm« are 

not used for the control of the infection 

fiicke»/s/a tsufsygomus/ii 

man'^aTuSlbrTT t^ver and scrub typhus m 

larg™Lr„nhe T by exanthema Ld en- 

ease ‘be site of bite wounds The dis- 

fever In addition to Japm'Se ^ f Kedam 

matra, the Malav Stato.: j -l ^ found m Formosa, Su- 
and the islands of the s’o^w^fpaahr''''' 

deuce STr^a^^ -1 ‘b-e m evi- 

It IS a smaU bacterium IilS or^amsm'os to ^ 

m length, n ^ ^on motile and^^ . “ ''“'^‘b by 0 8 to 2p 

obtained upon tissue cultures ch.rt Artificial growth is 

testis, and the endothelial cpII* embryo, m the rabbit 

the rabbit eye overlymg Descemet’s membrane of 

“ pe‘hogem‘rfo^ moTkeTs^ *bb^™^”''"“oned, the orgamsm 
voles, mice, gerbiUes ’ guinea pigs, hamsters, rats, 

otb« nckettsia, thaTdS ^ 

of the organism exist ^ different antigenic strains 
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Rickettsia akari 

R. akari is the cause of rickettsialpox of man, an acute but not 
fatal disease characterized by fever and a maculopapular rash 
which develops into vesicles with black scabs. The organism is trans- 
mitted by the mite, Allodemianyssiis sanguineus. The disease has 
been found only in New York City. 

The organism is a minute diplobacillus, found intracellularly 
and also intranuclearly in yolk sac cells. It is non-motile. Growth 
has been obtained only in the yolk sac of the chicken egg. Mice and 
guinea pigs have been infected experimentally but attempts to pro- 
duce the disease in monkeys have been unsuccessful. 

Miscellaneous Rickettsia 

Rickettsia bouts was first described by Donatien and Lesto- 
quard at Algiers, North Africa, in 1936 and subsequently by Mosh- 
kovsky in 1945. It is found as tightly massed irregular forms in 
monocytic cells of the bovine, in which it produces a slight febrile 
disease. It is transmitted by ticks of the genus Hyalomma. 

Rickettsia canis was also described by Donatien and Lesto- 
quard, 1935, being found in experimental dogs. They considered it 
to be transmitted by the dog tick. The organism occurred as spheri- 
cal masses in the monocytic cells of the dog, in which it produced an 
acute fatal disease. 

Rickettsia ovina was first described by Donatien and Lesto- 
quard in 1936. It likewise was found in monocytes cells of sheep in 
Algeria. The tick Rhipicephalus bursa was considered to be the 
vector. 

The Genus Coxiella. This genus has been created to include 
those microorganisms which are filterable, thereby differing from 
the Rickettsia, or as may be expressed, they represent those Rick- 
ettsia which are filterable. Only one species, Coxiella burnetii, has 
been described. 

Cox/e//a burneiii 

Coxiella burnetii is the cause of Q-fever in man — an acute, 
febrile, influenza-like disease characterized by sudden onset, 
malaise, headache, anorexia, weakness, and an interstitial 
pneumonitis. 

This disease was first noted by Australian investigators in the 
province of Queensland in 1935, and the etiologic agent was ob- 
served and named Rickettsia humeti by Derrick of Australia in 
1939. During the same period an organism was isolated from ticks, 
Dcnnaccnfor andcrsoni, by Davis in 1935, and described by Davis 
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and Cox m Montana in 1938 This organism was named Rickettsia 
dtaponca by Cox m 1939 Subsequently the two organisms were 
shown to be identical by Dyer and by Bengston, and the name 
CoxielZa humctii w'as given to it m honor of Cox and BumeL 

In addition to Austraha and Montana, previously mentioned, 
the organism has been found to produce infection m western 
Europe, the Mediterranean area, the Balkans, the Near East, Spam, 
and Panama In the Umted States Q fever has been reported from 
numerous parts of the country It was found to produce an infection 
in packmg house workers m Texas and Ulmois It is endemic m 
dairy cattle m southern California. The testmg of serums from 
cattle and human bemgs m Washmgton has given positive results 
Cases of the disease have occurred among laboratory workers m 
Washington D C , and Fort Bragg, So Carolina, and two cases 
w ere reported among people who had contact wnth one of the work- 


ersm Washington, DC (Beeman) Undoubtedly, future surveys 
will reveal the presence of the organism m many other areas 
Conella bumetu is a small, bacterium bke, pleomorphic or- 
coccoid shape to weU marked rods 
trig 3) It occurs m large numbers m the cytoplasm of mfected 
f“““'>arly m the monocytes, pushmg the nucleus of the 
lanceol'/t ^ “’’“Died extracellularly, diplobaciUary, 

taceolate, segmented bacillary forms and short chains are apparent 

stM It IS bright red against a blue background. The organism is 

of the chicken emb an “* m all tissues 

some are more ant:ie°ni^“ui^~ anUgemcally alike, although 

various ammallwhSl^'e'* species of ticks to the 

tick, Haemophymlu, kumerom ^ 

vector This .c- / ** considered the most important 

Derrick 

and also on cattle and rat r found to be naturally infected, 

oenlor ^ United States the UcL Derma- 

foporupolustns, “"■e^num, Hoemopkysalts 

Olobms megnia. are recogn^d as tr^‘°''f; 

species of ticks haie been agents Many other 

tally, so It IS quite hkelv that ansmit C bumetu experimen- 

ts present m an arel 1^' tf the mfecUon 
mfected v,ath c bumrti r** other Rickettsia, ticks re- 
fceos contain the organism ' Periods of time and them 
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Mantovani and Benazzi have shown that ticks (Rhipicephalus 
sanguineus) which had fed on dogs suffering a natural infection of 
Q-fever harbored the organisms and were capable of transmitting 
them to susceptible hosts. 

The cycle of transmission of Q-fever in the natural state in- 
volves many species of animals. The bandicoot in Australia has 



FIG. 37.3 — Coxiella burnetii, X 960. Subcutaneous exudate from guinea pig. 
Photo courtesy H. R. Cox. 


been mentioned, and cattle have been persistently present in the 
picture in all areas where the disease exists. Experimentally, nu- 
merous species of rodents have been infected with the organism but 
the role they play in the natural disease is not known. Reports also 
indicate that goats, sheep, horses, mules, dogs, and cats may be hosts 
for the organism. Of the avian species, the chicken and parrakeet 
have been found susceptible experimentally. The transmission of 
C. burnetii to man may be made directly by the bite of ticks, by 
the handlmg of cattle whose hides have been contaminated by tick 
bites, and by contact with the flesh of cattle which are infected 
With the organism. The observation of Q-fever in southern Calif- 
ornia among dairy workers and the investigations of Huebner and 
his associates have revealed that the disease may be transmitted 
by milk. However, it has been demonstrated by Stoenner and 
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Lackman that the dairy cow cannot be infected by bathing the ends 
of the teats in infective material This method of transmission is 
all the more important since it lias been shown that C bumctii is 
resistant to pasteurization at 1-13°F 30 minutes The disco\cry 
(Luoto and Huebner, 1950) of this organism in placental tissues of 
cows serologically positive to Q fever antigen has revealed another 
potential source of infection 

In addition to the obvious methods of transmission just dc> 
scribed, Parker, Bell, and Stoenner mdicatc that results with ex- 


perimental animals suggest “(1) tliat the eyes, nostrils, digestive 
tract, and the abraded or even the unabraded skm may be avenues 
of infection, (2) that the Rickettsia remains highly infectious for long 
periods in dry tick feces, in dry blood, and probably in other dried 
materials, and that dried infectious materials can contaminate the 
ground, manimate objects, burrows, nests, etc , and can be m the 
air as dust particles, (3) that tissues of ammals dead from Q fever, 


or of live animals in which the Rickettsia has persisted following 
recovery, may be a source of infection for scavenger and preda- 
ceous animals, (4) that it is possible, as m the case of sheep, goats 
and cattle, that milk from mfected animals may be infectious for 
Aeir young, and (5) that there is at least a possibility that in- 
fected male animals may sometimes bo able to transmit infection to 
females during copulation and perhaps vice versa 

nature of Q fever in roan has been briefly described at 
the bepnnmg of the discussion of the organism Other details of 
the mfection may be found m medical tesU of which the de- 
scription by Smadel is typical The pathology of natural Q-fever m 
omes c amma , particularly cattle, is not thoroughly known 
amTr a "slight illness" It has been 

as 

Sd sZn ‘"'“'■on " ExperimentaUy. Parker, Bell, 

“e mocuktl V the following „3iilts in four cows foUowmg 
Tolk sae StoeTf ® P.g doses of a 

mf ectious onT ' <1) the blood of all 4 COWS was 

were negative) 12 ) (later on, all tests 

each cow was infection f * inoculated quarters of 

or to such itrS '?■" tiay to the date of sacrifice, 

action was of brief duration systemic re 

phase of mastitis and was a o'* accompanying an acute 

serous nasal and lacrimal dSLgeJ'^nd’'^ f""''"''* pyrexia, slight 
partial mappctance, mfreauent to severe depression, 

movements moderate tachvMT^ rumination and shallow rumen 
’ 3^d a moderate polypnea ac 
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companied only by a definite increase in vesicular murmur; (4) the 
disease produced temporary metabolic changes in the activity of 
the mammary gland as far as the constituents of milk were con- 
cerned; (5) the cows, except for the one sacrificed on the 5th day, 
all became positive serologically; (6) on autopsy, gross lesions were 
confined chiefly to the mammary gland and regional lymph nodes; 
(7) by titration of milk in guinea pigs, the milk was shown to be 
infective in dilutions of at least 10"^ and 10"'* on the 2nd and 7th 
day postinoculation, respectively, and thereafter at five-day in- 
tervals was infective at 10"*; and (8) in the cow sacrificed on the 
63rd day, the milk of the uninoculated right rear quarter became 
infectious on the 7th day and remamed infectious until the cow 
was sacrificed.” In addition to the experiment described above these 
authors were able to infect calves with infective milk. One calf 
became febrile on the 13th day while the other one did not develop 
symptoms. 

The guinea pig is the experimental animal of choice in Q-fever 
studies. This animal is readily infected by subcutaneous or intra- 
dermal inoculation, and a marked inflammatory reaction occurs at 
the point of inoculation. Mortality is low in inoculated guinea pigs; 
those dying reveal a marked splenic enlargement. As previously 
mentioned, C. bumetii grews well in embryonated chicken eggs, 
and death of the embryo results four to five days after inoculation. 
Chicken embryo cultures are routinely used for infection experi- 
ments, cross immunity tests, and for experimental vaccine pro- 
duction. 

The diagnosis of Q-fever in mEin is accomplished by the iso- 
lation of the organism and by serologic tests. The antigen used in 
serologic tests is prepared in chicken embryos. Either the agglu- 
tination test or the complement-fixation test may be used. Surveys 
of animal populations to obtain data relative to the presence of Q- 
fever in an area are made with the agglutination or complement- 
fixation tests. 

Tile Genus Cowdria. The genus Cowdria is composed of one 
species which produces disease in animals, Cowdria ruminantium. 

Cowdria ruminantium 

In 1925 Cowdry described a small microorganism which he 
found in the endothelial cells of animals that had succumbed to 
"heartwater.” He found the organism resembled those of typhus 
and Rocky Mountain spotted fever; consequently he named it 
Rickettsia ruminanthnn. The genus Cowdria was originated by 
Bengston in honor of Cowdry in 1948. 

This organism is the cause of an acute septicemia which has 
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been observed m cattle sheep, and goats in various parts of Africa 
The name, heartwater,” is given to this disease because of the 
most characteristic lesion, hydropcncardium, found on autopsy 
The disease is further characterized by a high temperature and by 
nervous symptoms The microorganisms are found in the endo- 
thehal cells of the capillaries of the renal glomeruli, m the endo- 
thehal cells of the large blood vessels, and in the superficial gray 
matter of the cerebral cortex It is not found in blood smears from 
the infected animal 


Con^dna ruminantium is transmitted by ticks of the genus 
Ambliyonima If the ticks are infected during the larvae stage they 
remain infective after moulting to the nymph stage, if infected m 
the nymph stage they are infective m the adult stage The organism 
multiphes within the cells of the mtestme of the Uck and probably 
some extent m the lumen It is not transmitted from one genera- 
tion of ticks to another through the egg, thereby differing from 
the rmcroorganism of Rocky Mountain spotted fever 

0 31^ by 0 4 to 0 5,1 m size Diplococco.d 

tTed 

seen in the ^ ^ A ’ ^ scattered ones are occasionally 

media cultivalod upon artificial 

rarely sumves'm^e'tll"' ^ resistant organism, in fact, it 

It will live as lonv laboratory temperatures 

fnreratoJ ® >>ram tuisue stored m a re- 


is most susceptible then th season. The goat 

•beep the death Ws ^e of. tToo"’" 

per cent of the animalc j t-.^ cent, while m cattle 60 
infective for the guinea pie^ th' the organism is 

and some of the species of anWop^ ' " ‘>''= 

resistant to f^er'attaefe' ta/T* “heartwatcr" is 

persist m recovered animaTc f f organism has been known to 
- apparently celluIaTStture“t'rfh“ 

transferred from an mimuneT„ unmune state cannot be 

taUy It has been fouTnTc^sS^ E-Penmen- 
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'eva (Fig 37 4) ‘ of the jugular vein and the vena 
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THE FAMILY BARTONELLACEAE 

The family Baitonellaceae is composed of those microorgan- 
isms which are small and markedly pleomorphic, stain well with 
Giemsa’s stam, hghtly with anilme stams, and are Gram-negative 
They are found in the eiythrocytes of man and a number of species 
of animals They are differentiated from protozoa found m eryth- 
locytes by the absence of cytoplasm around the nucleus 

Four genera are classified by Bengston and Weinman as 
follows 

Genus I Bartonella parasites of the erythrocytes and of 
fixed tissues of man 



FIG 37 4 — Rickettsia ruminantium m endothelial cell of vena cava of sheep, 
X 1,800 (From Donotien and Lestoquard, Arch Inst Past d'AIgSrie ) 

Genus II Haemohartonella parasites of the erythrocytes of 
lower mammals, increased m susceptible animals 
by splenectomy, sensitive to arsenicals 

Genus III Grahamella parasites of the erythrocytes of lower 
mammals, not mcieased in susceptible animals 
by splenectomy, not sensitive to arsenicab 

Genus IV Eperythrozoon blood parasites found on erythro- 
cytes and in plasma of lower mammals, appear as 
rmgs, coccoid cells, and short rods, splenectomy 
activates latent infection 

The Genus Bartonella Only one species has been recognized 
fiarfone//a baalhformis 

This organism is the cause of Oroya fever in man, a condition 
characterized by anemia, an eruptive type of the disease m man is 
called verruga peruana, a third type is found which is a mixture 
of the first l\vo 
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The organism is a slender rod with granular swellings at tlie 
ends producing club dumbbell, or coccoid shapes It measures 0 25 
by 0 5 microns m width to 1 to 3 microns in length, but longer forms 
may be seen Growth of the organism is obtained on semisolid rabbit- 
blood agar It also grows on other artificial media and m the chicken 
embryo chono allantoic fluid and m tlie yolk sac Tlie ordinary 
anilme stains are not useful for staining tins organism but it stains 
well With Giemsa’s stain The organism is found m the blood and 
endothelial cells of man and has been reported m sand flies 

Tlic Genus llacmobarloiiclia. This genus is composed of nu- 
merous species which are named and classifled according to the ani- 
mal they mfect These organisms cause hacmobartoncllosis and 
anemia in the various animals infected but do not cause eruption As 
a group they are characterized as slender rods with rounded ends 
m which darker granules may be found producing club, dumbbell, 
or diplococcoid shapes Tliey vary m size from 0 1 to 0 25 by 0 7 to 4 
microns m length Short chains and filamentous, segmented forms 
are observed m some species In an infection they are found dis- 
tributed over the erythrocyte and have boon observed within the 
cell Some of them have been cuUivalcd upon artificial media, 
especially semisohd, rabbit blood agar Artificial infection is dif- 
ncult to produce m experimental animals without splenectomy 
They are usually transmitted by mscct vectors They are sensitive 
to arsenicals 
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stain and are Gram-negative. Splenectomy of susceptible animals 
activates latent infections. They have not been grown on cell-free 
media. Six different species have been described: E. coccoides, in 
white mice; E. ovis, in sheep; E. wenyoni, in cattle; E. suis, in swine; 
JE. various, in gray-backed deer mice; E. dispar, in voles and dwarf 
mice. 

Eperythrozoon suis has been found by Splitter in naturally 
occurring outbreaks of eperythrozoonosis among swine in Kansas. 
The disease is characterized by a severe ictero-anemia and marked 
debility. Swine which recover from the infection are considered to 
be permanent carriers. 

THE FAMILY CHLAMYDOZOACEAE 

The third family of the order Rickettsiales is composed of those 
microorganisms which are minute, pleomorphic, and coccoid. It is 
believed that they are obligate intracellular parasites; at least they 
have not been cultivated upon cell-free media. Three genera are 
placed in this family by Rake. 

The Genus Chlamydozoon. The type species of this genus is 
Ch. trachomatis, the cause of trachoma in man. This disease is 
characterized by destructive lesions of the cornea and conjunctiva. 
The organism is small and coccoid, 200 to 350 millimicrons in di- 
ameter. It forms elementary bodies (groups of individual cells) and 
plaques up to 10 microns in diameter. Masses of the organism stain 
reddish-blue with the Giemsa stain. It has not been cultivated upon 
artificial media or in the chicken egg embryo. In addition to man 
it is pathogenic for apes and monkeys. 

Another species of this genus, Ch. oculogenitale, causes an 
acute conjunctivitis and inflammation of the lower genito-urinary 
tract in man. 

The Genus Miyagawanella. This genus is composed of those 
minute agents which are coccoid and pass through a development 
cycle from the individual cell stage to the formation of the elemen- 
tary body. They are found in the cytoplasm of infected cells. Growth 
is obtained in the chicken egg embryo. 

Miyogawanelfa psitfaeii 

M. psittacii is the cause of psittacosis, a disease of man and 
numerous species of birds, characterized by acute pulmonary in- 
fection commonly called atypical pneumonia or pneumonitis. 

The organism is widely distributed tliroughout the world, 
being most prevalent in those areas where parrots, parrakeets, and 
similar birds are found. It produces an acute infection with death 
in such birds but many birds harbor the organism without showing 
noticeable symptoms of disease. Transmission of the infectious 
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agent occurs during close contact of birds with one another and in 
man by contact (feeding, handling, living in close quarters) wiUi 
infected birds In some instances infection is spread from person 
to person 

M psittacu IS a minute, coccoid organism 200 to 350 milhmi- 
crons in size The organism is chanctcrizcd by tlie formation of 
elementary bodies and inclusion bodies, within the invaded cells 
of the host There may be more than one elementary body in each 
cell The multiplication of the mdividual organisms within the 
elementary body then occurs, and the mfcctcd cell becomes packed 
with the microorganisms formmg plaques or inclusion bodies Upon 
the death of the cell the organisms are liberated They then in- 
vade new cells where the cycle is repeated- This organism is culti- 
vated upon tissue cultures and m the chorio-allantoic membrane 
and m the yolk sac of the chicken embryo An endotoxin which is 
lethal to mice is formed m the yolk sac 

The occurrence of the natural disease among parrots and 
other psiltacme birds has been mentioned Most strains of the or- 
ganism do not infect gumea pigs to any significant degree Rabbits, 
cotton rats, and squirrels may be m- 
fected Wild rats and whiUs laboratory rats and doer imeo are not 
inlected by mtraperitoneal inoculation 

‘“■nunity m human beings who have 
formed bo open to quesUon Antibodies arc 

exMrl^r. "‘“'"■“"y “fMted birds, and m 

UmUoTw b“''^ Complement-fixation and agglu- 

Z ““i ■" diagnosis as 

TganuiS Ais and closely related miero- 

Miyagawonella orniKiosis 

tor:~ - p-cueally all of its 

ferentiation is provided bv Ih/T^ disease produced in man Dif- 
tests and the neutraliy-it ^ e toxm-antitoxm neutralization 

sera ""'“^uliaation of infection m mice with chicken anti- 

basis^fft?“ei“sof P«'“- “I *= 

ndects Psitt?c.rbuS'=r“‘™'^“ The latter organism 
species, includrag pigeons doves non psiltacme 

ctaekens Numerous -p^imenUl'a^^ri? era t;crpUbr' "" 

Miyagawonel/a felis 

1942*L fte cauLTeonTuS'*."’^ described by Baker m 
eoniunetivilis, nasal catarrh, disfemper, or 



Ricketfsiates 611 


pneumonitis m the cat This organism is morphologically similar to 
other members of the genus and can be cultivated m chicken em- 
bryos In addition to the cat, mice and hamsters are susceptible 
This disease may be confused clmically with panleucopenia of cats 
caused by a virus which is discussed m the section on Virology 
In addition to the above species in the genus Miyagawanella, 
three species or strams of pneumomtis virus or virus pneumoma 
of man have been listed These are M pneumoniae (the S-F stram 
of virus pneumoma) , M loutstanae (the Louisiana stram of virus 
pneumonia) and M lUint (the Illmois strain of virus pneumonia) 
As far as is defimtely known, animal or avian species have not been 
shown to be reservoirs of these organisms M lymphogranuloma, 
the cause of venereal lymphogranuloma of man, is another member 
of the genus which is pathogenic only for man M. broncho- 
pneumomae has been isolated from laboratory mice in which it 
produces a pneumonitis 

The Genus Colcslota. This genus mcludes those organisms which 
are found m the conjunctiva and cornea C conjunettvae has been 
described by Coles, of South Africa, where it has been found m 
acute conjunctivitis and keratitis of sheep, cattle, and goats This 
orgamsm has not been found m cases of infectious conjunctivitis 
and keratitis in cattle in the Umted States Another organism, C 
conjunctiva-galUi, which was found by Coles and Anders in South 
Africa as the cause of conjunctivitis and keratitis in chickens, is 
classified in this genus 
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The Pleuropneumonia Group 


The members of this group may be either parastic or sapro- 
phytic organisms They appear to have a minimal cell wall This 
results m the development of polymorphic forms including rmg, 
globules, filaments, and small elementaiy bodies Many of these 
forms pass bacteria-retammg filters Most members of this gioup 
grow aerobically but an occasional strain may be stimulated by 
10 per cent COg atmosphere and one anaerobic species has been re- 
ported The parasitic species of this group of organisms require a 
medium with a high protem content This is customarily supplied 
by serum protem This requirement probably reflects an inabil- 
ity of this group to synthesize certain protem complexes Most 
members of the group that have been studied were found to be 
resistant to penicillm, thalhum acetate, sulfathiazol, and sometimes 
crystal violet Recent studies have suggested that certain of these 
organisms may require certam essential lipids for growth 

It is customary to exclude from this group those organisms that 
Will revert to typical bacterial forms 

Members of the group may be cultivated either in suitable li- 
quid media or on solid media On the latter, small glistening col- 
onies that often have a faint surface marking and some degree of 
either a central elevation or depression occur, usually after several 
days’ incubation These colonies are usually difficult to remove 
from the surface of the medium smce they tend to grow into the 
medium A few organisms of this group have been observed to 
form a film on. the surface of suitable solid media- 

Fluid medium is usually more satisfactory for the cultivation 
of members of this group In some cases the organisms will pro- 
duce enough turbidity m the medium so that giowth may be read- 
ily detected However, m most instances only a faint turbidity is 
produced and control tubes should always be available for com- 
parison purposes A more certam method of detecting growth is to 

• The author is indebted to Dr William P Switzer for his aid in the re- 
vision o£ this chapter 
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stain the sediment centrifuged from the culture and to observe typi- 
cal organisms In most cases Giemsa's stam has been used to stain 
these organisms smce they stain very poorly with analine dyes 
Workers dealmg with this group of organisms refer to them as 
pleuropneumoma or pleuropneumonia-hke organisms (PPLO), 
smce the first and only known member of this group for many years 
was the agent producing bovmc pleuropneumonia 

Nocard and co-workers in 1898 were the first to cultivate the 
causal agent of bovme pleuropneumoma m a cell-free medium This 
agent had been considered to be a filtrablc virus up to that time 
The studies of Bordet and of Borrel in 1910 disclosed the poly- 
morphic characteristics of the organism Elford demonstrated in 
1929 that this organism possessed fihrable forms 125 to 150 mu in 
size which were capable of developmg mto larger structures It was 
for this reason, no doubt, that the agent of contagious pleuro- 
pneumonia was classified as a filtrable virus 

In 1923, Bridre and Donatien demonstrated that the causal 
agent of contapous agalactia of sheep and goaU was quite similar to 
the cause of pleuropneumoma 
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ing a proliferative and chronic ankylosing arthritis, have been de- 
scribed by Sabin. 

Nelson (1936a, b) described coccobacillary bodies associated 
with slowly developing coryza in poultry. These organisms were 
probably pleuropneumonia-like organisms. Van Herick and Eaton 
(1945) isolated a pleuropneumonia-like organism from chicken em- 
bryo material, which they believed to be a contaminant carried by 
the chicken embryo. It was not until 1952 that Markham and Wong 
showed that pleuropneumonia-like organisms would experimen- 
tally produce mild upper-respiratory-tract lesions in chickens and 
turkey sinusitis. Since that time, this group has been recognized 
as being of major importance to the poultry industry, and conse- 
quently, considerable research has been in progress on this group. 

Edward et ah (1947) isolated pleuropneumonia-like organisms 
from the bovine genital tract and suggested that they caused an 
inflammation that predisposed to infertility. In 1953 Switzer iso- 
lated a pleuropneumonia-like organism from the nasal cavities of 
swine and later showed it to be the cause of certain fibrinous le- 
sions on the serous membranes of swine, especially the pericardium, 
and to occur in pneumonic swine lungs (Switzer 1953a, b, and 
1954a). 

Carter (1954) demonstrated that members of this group of 
organisms occurred in certain cases of bovine bronchopneumonia. 

Cordy ct al. (1955) described a highly fatal disease due to a 
pleuropneumonia-like organism in a herd of dairy goats. This dis- 
ease was characterized by septicemia and arthritis. 

Greig (1955) reported the isolation of a pleuropneumonia-like 
organism from the respiratory tract of sheep. 

At the present time this group of organisms is receiving an 
ever-increasing amount of consideration and there is little doubt 
that many new species will be reported. 

Classification and Nomenclature 

The classification and nomenclature of this group of organisms 
are not firmly established. The classification given here is based on 
that suggested by Freundt (1955) and Edward (1955) . 

Order Mycoplasmatales 

Genus Mycoplasma 

Individual species 

1. Mycoplos7na mycoides — 'organism causing contagious bo- 
vine pleuropneumonia 

M. mycoides var. capri — organism causing pleuropneu- 
monia in goats 
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2 M agalactia — organism causing contagious agalactiae of 
sheep and goats 

3 M gallinarum — organism associated with chronic respir- 
atory disease, air sac mfection, and sinusitis m poultry 

4 M hyorhims — organism producing fibrinous pericarditis, 
pleuritis, peritonitis, and arthritis m swine 

5 M bovigenitale — frequent mhabitant of the bovine lower 
genital tract, both m males and females 

6 LI spumans, LJ cants, and M mcculosum-— pleuropneu- 
monia-like organisms isolated from dogs 

7 M pulmonis — organism from the respiratory tract of rats 

8 M neurolytieum — organism producing nervous symp- 
toms m mice 

9 M arthntidis — organism produemg arthritis m rats 

10 M latdlaun — sewage and other saprophytic strams 

1 M homints, M jermentous, LI salivarium — - pleuropneu- 
monia-hke organisms isolated from humans 


other pleuropneumonia-hke organisms not yet named from 

(a) bovine pneumonia 

(b) sheep respuratory tract 

(c) acute septicemia and arthritis of goals 


those"sn^«Tr‘“ 1 P>™'»P~«n,on.a-like organisms only 


Mycoplasma raycoides 

fi.at?er™t;‘'rc2dTl898’’T^ plauropneumania was 
the organism wan j ® pleomorphic nature of 

aUied to the spirochetes a'7 considered it 

recognized in 1910 bv Borrell '"■Snnisni were 

the organism rcaiiLgX ’ “ U-e coccal forms of 

names which have been used , myemdes Other 

luycotdes vertpneumontap tM =»■<! Coccobaallus 

pneumoame boms ’ Micromyces pen- 

pneumoiiMe (Nowak 19291 al, Mycoplosma pen- 

(Wroblewski, 1931) 'anH ReL- i penpneumonmc boms 

Campbell, and Dick 1935\ t * P®^tpneumonuie (Turner, 

organisms, Sabin first used tKo ^ossification of this group of 
but subsequently suggesttnt tv, Sotnmyces pleuropneumontae 
■ty Since the generic ““ ^ad prior- 

for a genus of algae, it now anno previously 

Siven to this ‘he first valid generic name 
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Bovine pleuropneumonia, the disease caused by M. mycoides, 
has been a well-recognized disease on the European continent for 
the past two centuries. In all countries where the disease has ap- 
peared, great losses of cattle have resulted. It has been eradicated 
in many of the sections of Europe, and before World War II was 
localized in Russia, Spain, and Poland. The condition is widespread 



FIG. 38.1 — MycQpIasma myeoldos, showing pleomorphlsm, X 3,000. (From 
Nowak: Documenta Microbiologico, courtesy Gustav Fischer.) 


in Mongolia and Manchuria, and epizootics occur in Australia, India, 
and China. It is still present in Egypt and Central Africa. The disease 
is found in South American countries. 

It was introduced into the United States as early as 1843 and by 
1886 had spread as far west as Missouri. Stringent action was taken 
by the newly formed Bureau of Animal Industry and in March, 1892, 
a proclamation was issued stating that the country was free of the 
disease. The presence of this disease in various parts of the world, 
the marked infectiousness of it, and the postwar U’affic are all factors 
which may result in the introduction of the infection again. All 
animal disease agencies must be alert constantly in order to prevent 
the establishment of the disease in the cattle herds of this country. 

The microorganism is transmitted by direct contact and by 
water and feed recently contaminated by an infected animal. Chronic 
cases of the disease remain carriers because the organism is present 
in the exudate from healing lung lesions. Apparently healthy ani- 
mals may remain infectious for 2 to 3 years. 

At certain stages in the development of M. mycoides filtrable 
forms 125 m^i to 150 m^i in size are present. Large oval or rounded 
bodies 0.2^ to 0.8^i are seen in artificial cultures. These develop 
into a mycelium composed of hyphae up to 240^ in length which 
become curled and twisted, forming various shapes (Fig. 38.1) . The 
organism can be stained with the commonly used bacterial stains 
and IS Gram-negative. Deeper stained preparations are obtained 
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with Giemsas method Masses of growth can be noted m tissue 
sections but it is essential to fix such sections with Zenker's fluid, 
for the organisms are not observed when formalin fixation is used 
On solid medium containing at least 10 per cent bovine scrum, the 
organism produces minute colomcs which are smooth and trans- 
parent with an entire edge In well isolated colonies a nipple-Iikc 
darker center is present (Fig 
^ 382) The colonies arc firmly 

adherent to the medium, due 
to the penetration of the or- 
ganism below the surface In 
serum bouJIon, light turbidity 
is observed after the second 
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Under natural conditions this organism produces pleuro- 
pneumoma m cattle and related animals — the buffalo, yak, remdeer, 
and bison. Experimentally sheep and goats have been infected 
Other animals and man are resistant 

Although in naturally occurrmg epizootics of the disease, cattle 
become easily infected, it has not been easy to produce the disease 
artificially Subcutaneous inoculations produce a rise m temperature 
and edema at the site of inoculation. In calves such moculations 
produce acute reactions clisiracterized by localization in the joints 
Injection of lung exudates mto the udder cistern produces severe 
mflammation and the organism persists in the purulent viscid milk 
for two months The intravenous injections of cultures contained in 
finely divided agar produce pulmonary emboh with resultmg lesions 
typical of the disease Sabin has suggested that pulmonary parasites 
may be factors in the establishment of infection m the lungs 

Ammals which have recovered from pleuropneumonia are re- 
sistant to subsequent attacks Artificial immunization was practiced 
long before the causal agent was discovered This consisted of the 
moculation of lung exudate subcutaneously, preferably m the tail, 
from which absorption was slow Cultures kept in peptone-serum 
bouillon become attenuated after the twenty-fifth passage and may 
be used for vaccination Hyperimmunization of cattle is produced 
by the injection of massive doses of culture and the resultmg anti- 
serum is effective for passive immunization 

The type of lesion found m bovine pleuropneumonia is rather 
distmctive but cannot be depended upon for accurate diagnosis Iso- 
lation of Mycoplasma mycoides is possible m the majority of cases 
of the disease if all of the precautions are taken to obtam the growth 
of the organism The precipitation, agglutination and complement- 
fixation tests have been used with success for diagnosis 

M/cop/asma myco/des var. copri 

This organism produces a highly fatal disease m goats Fol- 
lowmg a 3- to 10-day incubation period there is usually a febrile 
reaction and copious nasal discharge which is catarrhal at first and 
becomes mcreasmgly mucopurulent Coughmg increases m fre- 
quency and intensity as the disease progresses to the advanced 
stages, at which time the coughing may subside Respiration is 
accelerated at first but becomes labored as the disease progresses 
and may become primarily abdommal The affected ammals may 
retain their appetites up to the termmal stages of the disease when 
they may collapse and die withm an hour Most of the ammals af- 
fected with this disease die 

The lesions observed m cases of this disease are primarily 
pneumonia and pleuntis, with pericarditis present m some cases 
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There are usually no otlier Ic&ions except small hemorrhages on 
the mucous and serous surfaces 

Death of the animal usually occurs withm 1 to 1 weeks after 
the onset of the symptoms 

This disease was thought to be caused by a virus until Longly 
(1951) isolated a plcuropneumonia-likc organism and reproduced 
the disease with cultures of the organism The disease is of con- 
siderable economic importance m parts of Europe, Asia, and Af- 
rica 


Workers dealing with this disease report that M niycoides and 
M mycoides var capn have similiar properties except for host in- 
ected and antigenic structure The possibility has been suggested 
that the disease m goats may bo caused by a bovine organism which 
has become adapted to goats 


pathogenic plouropneuinonia-bke organism from goats was 
reported m the United States by Cordy cl al (1355). This organ- 
ism was recovered from a herd of goals alTcctcd with a highly fatal 
septicemia and arthritis They reproduced a similar disease syn- 
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mf^ h fCMTObk that of goal pleuropneumonia in 

many biochemical rcacUons hut had a different antigenic structure 


Mycoplasma ago/aef/a 
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Mycoplasma agalactia produces natural infection in sheep and 
goats. These animals also can be infected artificially by intravenous 
inoculation and by feeding infected tissues. The disease in these ani- 
mals is best known because of the effect on the mammary gland in 
which fibrosis and atrophy are produced. Arthritis, keratitis, and in 
some cases vesiculo-pustular skin lesions are also produced. The 
arthritis in many cases becomes chronic, resulting in deformity. The 
organism may localize in the testes and abortion has been observed. 

Bridre and Donation have demonstrated that this organism is 
antigenically distinct from the agent of bovine pleuropneumonia. 
Attempts to develop immunity have been unsuccessful with the 
exception of a transient resistance which is produced by immune 
serum. 

Greig (1955) reported the occurrence of a pleuropneumonia- 
like organism in the respiratory tract of sheep. This organism pro- 
duced a diffuse turbidity in enriched fluid medium. It grew on nu- 
trient agar supplemented with 5 per cent rabbit or sheep blood. 
It fermented dextrose, sucrose, and maltose but not lactose, galac- 
tose, fructose, xylose, mannose, rhamnose, sorbitol, or mannitol. 
This organism was propagated in chicken embryos. It usually killed 
the embryos 3 or 4 days postinoculation when administered by way 
of the chorio-allantoic sac. This organism did not appear to have 
a pathogenic effect on sheep. 

Mycoplasma ga/l/narum 

Nelson (1936a, b) reported the cultivation in tissue culture 
of a small cocco-bacillary organism from coryza of chickens. This 
organism was probably a pleuropneumonia-like organism. Dela- 
plane and Stuart (1943) isolated a pleuropneumonia-like organism 
in chicken embryos from a clinical condition they termed chronic 
respiratory disease of poultry. 

Groupe et al. (1948) isolated a similar agent from cases of tur- 
key sinusitis and reproduced the condition with it. Since that time 
numerous investigators have confirmed the role pleuropneumonia- 
like organisms play in the production of respiratory infections in 
poultry. However, in many cases there appear to be additional 
stress factors necessary to produce some of the severe clinical con- 
ditions observed in field flocks. 

Exhaustive comparisons of various isolates of pleuropneumo- 
nia-like organisms from poultry have not yet been made but from 
the information now available it appears that they are closely re- 
lated and therefore are included as a single species. On initial iso- 
lation tliis organism is a small coccoid, cocco-bacillary, or slightly 
filamentous object. Upon cultivation in artificial medium it fre- 
quently becomes more coccoid in shape. Some isolates have a dis- 
tinct tendency to form clumps while others yield a more uniform 
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growth. Hofstad (1950) foiind that Selas No 03 filters would re- 
tain this organism but that Selas No 02 filters allowed it to pass 
It IS most stable at a pH range of 6 1 to 8 6 and is rendered non- 
viable by a temperature of 45°C for one hour and by 50°C for 
20 minutes It will withstand lyophilization and can be stored at 
— 35°C for at least 2 years 

Rather high levels of penicillin fail to inhibit its growth al- 
though certam broad spectrum antibiotics do inhibit its growth in 
vitro 

Many strains of this orgaiusm have the abihty to produce 
hemagglutination of chicken or turkey erythrocytes This organism 
produces acid but no gas in enriched dextrose, maltose, and su- 
crose No change occurs m lactose or mannitol It is readily stamed 
with Giemsa's stam. 


One of the mam means of transfer of this organism is by symp- 
tomless CMer bu-ds Treatment of some birds with broad spec 
tmm antibioUcs has temporarily ehmmated chmcal symptoms hut 
resulted m producUon of the carrier slate Infected hens may m 
som^^oases transmit this organism through the egg to their off- 

-toccobacilliform bodies of rat 
Son be transferred to chickens with the pro- 

the infecuon failed to transmit to other chickens 
Mycoplasma byorhtnis 
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an ox heart-chicken serum medium described by Switzer (1955) 
or in a medium described by Edward (1947a) . In addition, inocu- 
lation of this organism into the yolk sac of 6- or 7-day-old chicken 
embryos results in death of about half of the inoculated embryos 
during 4 to 13 days* postinoculation. Embryos succumbing from 
the seventh to thirteenth day postinoculation usually have pericar- 
ditis. Giemsa stained smears of this pericardial exudate are suitable 
for demonstration of the organism. 

The primary mode of transmission of this organism is by in- 
halation of infective aerosols. It has been found that baby pigs may 
harbor the organism in their nasal cavities after remaining in con- 
tact with infected dams for only a few hours. The occurrence of 
visceral lesions due to this organism in the United States has not 
been adequately evaluated although in one survey it was found 
that as many as 8 per cent of the swine hearts were being con- 
demned in one large Iowa packing plant because of pericarditis 
typical of that produced by this organism. 

M. hyorhinis is frequently present in pneumonic swine lungs 
but does not appear to be capable of producing a primary pneu- 
ttionia. It has not yet been determined whether it has a secondary 
role in the production of pneumonia. 

Mycoplasma bovlgenltale 

Edward et at (1947) reported the isolation of two different 
pleuropneumonia-like organisms from both male and female bo- 
vine genitalia. One of these organisms produced rather large coi- 
omes and did not require enrichment fluid for growth. This or- 
ganism was considered to be a saprophyte and was designated as 
organism S. The second pleuropneumonia-like organism produced 
a film effect on horse serum agar with precipitation of portions of 
the serum. It developed very small colonies. This organism ap- 
peared to be parasitic and to be concerned in the production of in- 
fertility in the herd studied. Therefore the organism was given the 
name P. This latter organism is now named M. bovigenitale. 

M. bovigenitale forms unstable, sparsely branching mycelium 
with very short filaments that may measure 2 to 5 microns in 
length. It produces an alpha hemolysis of horse red blood cells and 
does not attack any of the more commonly employed carbohy- 
drates. Ten strains investigated serologically shared common anti- 
gens but at least three different serological types appear to exist. 

Circumstantial evidence indicates it may be involved in the 
production of infertility in both male and female bovine, but ex- 
perimental inoculation of cultures have not been completely con- 
vincing in this respect. It has been observed that isolates from 
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cases where a diseased condition exists are often very difficult to 
subculture, and therefore the laboratory cultures employed may 
simply represent avirulent strains that are capable of growing in 
artificial medium More study of this organism is necessary before 
its true significance as a pathogen can be determined To date this 
organism has not been reported m the United States but there is 
no reason to suppose that it does not occur here 

Carter (1954) isolated a pleuropneumoma-like organism from 
cases of bovine bronchopneumoma The published photographs of 
the colonies of this organism show a close resemblance to those of 
the S organism isolated by Edward from bovme genitalia Carter 
used enrichment media to grow his organism The possible signi- 
ficance of pleuropneumonia-hke organisms in bovine bronchopneu- 
monia has not been determmed 


Mycoplasma pulmonis, M neuro/yficum, M arl/irifidis 

Several different pleuropneumoma-hke organisms have been 
isolated from rats and mice Many of these appear to be distinct 
species but at least one organism has been recovered from both rats 
Ta comparisons of the various strams isolated in 

different laboratories have not been made m most cases There 
fore the number of species that should be recognized is largely a 
matter of optmon and wdl undoubtedly undergo oonsiderable alter- 
ation as comparaUve studies are made 
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and ferments glucose, maltose, mannose, dextrin, starch, and gly- 
cogen. It doesn’t ferment fructose or galactose. The surface of the 
colony is somewhat rough with surface markings tending to obscure 
the central spot 

This organism also occurs in mice where it has been isolated 
from the brain and from the nasal cavity. 

Other studies on bronchopneumonia of rats describe additional 
agents. Thus, Nelson (1940) described infectious catarrh and otitis 
media of rats due to small Gram-negative coccobacilliform bodies 
present in the cytoplasm of the leucocytes. He cultivated this or- 
ganism in minced chicken embryo tissue suspensions and repro- 
duced the disease with these cultures. His reason for thinking that 
this organism was different from the L 3 organism described by 
Klieneberger was that very little growth occurred in cell-free fluid 
medium, no growth occurred on solid medium, and the organism was 
stained by Gram’s stain using dilute carbolfuchsin as the counter- 
stain. He observed that elimination of this agent from a colony 
of rats markedly reduced the incidence of otitis media and also the 
severity of the naturally occurring bronchopneumonia. This coc- 
cobacilliform organism could be transferred to mice where it pro- 
duced a rhinitis, otitis, and a fatal progressive pneumonia. It did 
not become established in chickens. 

Nelson (1937a, b) also described natural occurrence of infec- 
tious cataiTh of mice which was due to coccobacilliform bodies 
which closely resembled those from the rat and were transferrable 
to rats (Nelson, 1942). He found these bodies associated with a 
pleuropneumonia-like organism in the nasal cavities of some mice. 

latter organism was localized primarily in the conjunctival 
sac where, in one inbred strain, it seemed to intensify a conjunc- 
tivitis (Nelson, 1950a, b) . 

Edward (1940) studied infectious catarrh of mice and also 
found it to be a transmissible disease. Edward (1947b) reproduced 
the disease with early subcultures of pleuropneumonia-like organ- 
isms isolated from the respiratory tract. He reported the occur- 
rence of coccobacilliform bodies in the lesions produced by the cul- 
tures. 

In addition to coccobacilliform bodies. Nelson (1946) described 
a virus-like agent present in laboratory rats with endemic pneu- 
i^onia. This agent produced a reaction in susceptible mice very 
inuch like the coccobacilliform bodies of mouse and rat infectious 
catarrh. However, no coccobacilliform bodies were present in the 
cytoplasm of the leucocytes. This virus-like agent is regarded 

Nelson as the cause of endemic pneumonia in laboratory rats 
and the rat coccobacilliform bodies are considered to be a separate 
disease entity commonly superimposed on the pneumonia. Rats 
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under 8 months of age frequently carry the virus-hke agent in their 
lungs but show no lesions As the rat matures the virus-like agent 
produces pneumonia Some commercial suppliers of laboratory 
ammals are attemptmg to eliimnate virus-like agent and cocco- 
bacilliform bodies from their stock by breaking the cycle of trans- 
mission- Young rats are dehvered by caesarian section, placed on 
clean foster dams, and reared m isolation This program has been 
referred to as “Nelson testmg” 

It appears that the organisms from chickens, mice, and rats, 
that Nelson termed coccobaciUifonn bodies, are members of the 
pleuropneumonia group but their requirements for growth m cell- 
free medium are not certain. Most workers contend they are the 
same as pleuropneumoma-like organisms already studied although 
some think they have not been grown m cell-free medium Nelson 
(1954) reported that the intra-abdommal inoculation of 4 strains 
of murme pleuropneumoma like organisms of the catarrhal type 
(or coccobacilhform bodies) regularly resulted m the production 
0 oop ontis and salpmgitis m weanling mice No lesions occurred 
in the gemUl organs of male mice moculated mtrapentoneally 

Mycop/asmo arl/jnhd/s 
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Mycop/asma neurolylicum 

This organism was first encountered by Sabin (1938) and Find- 
lay et al. (1938) in the brains of mice used for passaging other 
agents. It has since been found to be common in the nasal cavity, 
lungs, and especially the conjunctiva of mice where it is the usual 
pleuropneumonia-like organism recovered. On one occasion it has 
been recovered from a normal mouse brain. The relationship of 
this organism to the one recovered from conjunctivitis of mice 
by Nelson is not clear although Nelson believed the organisms were 
not the same. It is believed that newborn mice do not harbor this 
organism but become infected by contact. The eyes do not become 
infected until the lids open. Mice probably remain carriers of this 
organism throughout life but do not show any spontaneous disease. 

Intracerebral inoculation of this organism into mice produces 
a very characteristic turning or rolling on the long axis of the body 
with or without other nervous signs. This usually occurs 2 or 3 
days postinoculation. The majority of the mice recover but some 
nervous symptoms may persist for months. 

Intra-abdominal or intrathoracic injection of this organism 
results in similar symptoms in 20 to 40 per cent of the inoculated 
mice. Glucose-serum broth cultures of this organism produce 
a true exotoxin that causes the same nervous symptoms following 
intravenous inoculation. 

According to Sabin, fluid cultures of this organism consist 
chiefly of elementary bodies, minute rings, or ovals with condensed 
bodies at one or both poles and occasionally triangular or (quad- 
rangular structures in which the elementary bodies are linked by 
thinner bonds. The fully developed colonies range from 20 to 300p 
and present central areas that are circumscribed, elevated, and 
darker than the rest of the colony. There appears to be a vari- 
ation in the exotoxin producing ability of different isolates of 
this organism. 

Edward (1954) studied a strain of this organism that had been 
maintained for several years in artificial medium and found that 
it did not form a film on solid medium, hemolysed horse blood agar, 
fermented glucose, maltose, and mannose, but not fructose or 
galactose. It gave a granular growth that was best near the surface 
of semisolid medium. 

Mycoplasma spumans. At. cam's. At. maculosum 

Pleuropneumonia-like organisms were first isolated from dogs 
by Shoetensack (1934, 1936a, b). They were found in secretions 
of the upper resphatory tract and in lesions of the respiratory tract 
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of dogs suffering from canine distemper It was believed by this 
worker that they were the cause of canine distemper but it is now 
known that a virus is the primary cause of this disease His iso- 
lates seemed to be of two distinct types and they were named 
Asterococcus cams I and 11 


Edward and Fitzgerald (1931) undertook the in\cstigalion of 
sterihty and epididymitis m a male dog and isolated a pleuropneu- 
monia hke organism from his semen A survey was made of the 
occurrence of this organism in the throats and genital tracts of the 
dogs in this breedmg kennel They isolated 3 distmct types of or- 
ganisms from these sites They called these organisms, fi, p, and / 
When names for the throe organisms from dogs were proposed b> 
Edward (1955) there was no clear indication of which new name 
to be applied to each of the previously described organisms 
Therefore the three organisms will have to be considered by «, p 
and Y designation until examination of typo cultures has established 
their identity 


All three strains were recovered from the vagma Only 8 and 
Y strains were recovered from the throat swabs About one-half 
of Ae va^al swabs and about three-fourths of the throat swabs 

were positive for pleuropneumonia bke organisms 
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These three organisms are distmct serologically Their path- 
ogencity has not been investigated 

Greig (1954) reported his observations on the pathogenicity 
of cultuies of pleuropneumonia-like organisms isolated from the 
respiratory tracts of dogs The cultural characteristics of the or- 
ganisms were not described but were said to elicit at most only 
transient bouts of sneezing and occasional coughing m inoculated 
dogs 

Switzer (1954b) isolated pleuropneumonia-like organisms from 
pneumonic lungs of dogs chmcally affected with canine distempter 
This orgamsm grew well m ox heart-chicken serum medium and 
pioduced distmct colonies on the surface of sohd medium eniiched 
with Difco serum fraction Fluid cultures of this organism were 
composed primarily of small coccoid forms that stamed well with 
Giemsa’s stain and were famtly Gram-negative Colonies of this or- 
ganism had a well-marked central elevation This organism passed 
a Selas No 02 filter, grew with a uniform turbidity m fluid me- 
dium, produced no lesions or deaths in chicken embroys, and pro- 
duced no lesions, when inoculated into the air sacs, sinus, nostril, 
or conjunctiva of turkeys 

This organism did not survive for an appreciable length of 
time at -40®C or in the lyophilized state 

What appeared to be a completely distinct pleuropneumonia- 
like organism was isolated by Switzer (1954c) from the pneumon- 
ic lung of a 6-week-oId kitten that had evidenced a chronic cough 
This orgamsm passed a Selas No 02 filter but did not produce vis- 
ible lesions m chicken embryos It produced a very faint turbidity 
m ox heart-chicken serum medium and did not survive at — 40°C oi 
in, the lyophilized state The individual organisms m fluid medium 
Were stamed rather lighly with Giemsa’s stain and had numerous 
ring forms On sohd medium enriched with Dzfco serum fraction 
the colonies were very small and translucent without well-devel- 
oped center spots Fluid cultures of this organism produced no le- 
sion m 7-week-old kittens when administered mtranasally The 
kittens were observed 3 weeks The organism was not recovered 
from the respiratory tract of the inoculated kittens 
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The Pathogenic Fungi 


A large group of plants lacking in chlorophyll are classified 
together under the general term, Fungi In the majority of the 
forms placed m this group the mdividual vegetative filaments are 
known as hyphae The entire plant usually forms in a tangled mass 
whi^ IS called a mycelium Under optimum growth conditions the 
hyphae develop buds and branches, some of which separate from 
the mother cell, forramg daughter cells In the yeast this is the com- 
mon method of division In most of the fungi the newly formed parts 
remain attached even though the mdmdual cells are divided by a 
morphology is common among septated 
0 ^ Some of the molds, however, do not develop separating walls 
otht: deTl nonseptated molds For 
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Ascomycetes. These fungi are represented by the typical mold 
plant. The vegetative bodies, or hyphae, form into a mycelium and 
develop a characteristic reproductive organ, or ascus, in which the 
spores develop. These fungi are particularly numerous, but most 
of them are saprophytic or parasitic on the leaves and bark of plants. 

Myxomycctes. The Myxomycetes are commonly known as the 
slime molds. In certain stages they resemble protozoa while in others 
they are more like plants. In consideration of their entire life cycle, 
they are classified as plants. Several of the members of the group 
have been associated with plant diseases, but they have not been 
proven to be the cause of any animal disease. 

Phycomycctes. Most of the members of this group develop a 
vegetative mycelium. The great majority of them reproduce by a 
flagellated body, and some of the more primitive forms resemble the 
flagellated protozoa. Most of the individual species are saprophytic 
or parasitic upon plant life, but a few are found in fish and other 
invertebrates. Only one group, the Mucorales, contains species 
which are significant to animal health. 

Fungi Inipcrfecti, Into this group are placed a large number 
of fungi which have not been thoroughly studied or for which no 
satisfactory classification has been adopted. Many of the pathogenic 
species of fungi which are found in animals are fungi imperfecti. 

Classification. The classification of the fungi which are patho- 
genic to man and animals follows two procedures. One classifi- 
cation may be based upon the morphology of the fungi and the 
other classification is based upon the type of tissue (superficial or 
fleep) involved. Any classification of an infectious agent, with the 
exception of the filtrable viruses, which is based upon animal 
species infected or upon types of tissue infected eventually leads 
to confusion. Furthermore, there is a danger in leading the stu- 
dent to believe that infectious agents are only found in one type 
of tissue. It is admitted that as far as the pathogenic fungi are con- 
cerned, such a classification is desirable from the medical point of 
''lew. The morphological variations among these organisms are so 
complex that a systematic classification is most difficult, and clinic- 
ians and pathologists are not as a rule primarily interested in tax- 
onomy. 

The basic classifications used by Swartz in his 1949 edition of 
Medical Mycology have merit. One classification based upon mor- 
phology is as follows: 

I- Yeast and Yeastlike Fungi 

A. Perfect 

B, Imperfect 

II. Ringworm Fimgi 

III. Other Pathogenic Imperfect Fungi 
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The second classification divides the fungi into the two categories 

I Superficial 

II Deep 

A third classification or list is based upon the relation of the fungi 
to disease the tissues attacked and the disease produced 

The classification or arrangement followed m this chapter is 
as follows 

I The Phycomycetes 

II The Blastomycetes (yeasts) 

III The Trichophytons (rmgworm fungi) 

IV The Fungi Imperfecti (dimorphic organisms having a yeast 
and fungus phase) 

This classification or order of discussion is used only for the 
convenience of discussion although it does have a morphological 
basis 


THE PHYCOMYCETES 

The molds m this group are not known to be mvolved m any 
specific disease of animals, but species of the genera Mucor, 
Absidia, and Rhizopus have been found in disease processes 

THE GENUS MUCOR 

The molds of the geaus Mucor have been isolated from mfected 
animal tissue In 1880 BoUmger found Mucor racemosus m the res- 
puatory tract of buds A sunilar organism was isolated from the 
1^1 cavity of sheep by Zum and from a tumor m a horse by Frank. 

liman and Frank isolated a Mucor from the placental tissues of a 
cow, and Bondmen and Plum, m Denmark, also encountered it m the 
f^rr " placental tissues Jungherr, m Connecticut, 

T?' “""’’•Pu^llua. m eases of mycotic in- 

fecUons of placental tissues of the bovme 

Thc-Jtre”re'^ f distributed m nature 

^4rmeZ''™ they form on 

Sporang.ophoresprcdSb^^'"Jllf™ 
n Jbem ot sprrato‘~“ ^ 

THE GENUS ABSIDIA 

ViUemin found this*'mold m n^I reported from anunals 

■" I'a-ona and submax, llary adenitis 
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of the horse. Christiansen isolated it from a generalized, tumor-like 
condition in swine, and Bendixen and Plum found it in infected 
bovine placental membranes. 

The members of the genera Absidia are similar to the Mucor’s, 
but the mycelium forms stolons and rhizoids; the sporangiophores 
are erect but are in groups of 
two to five rising from the 
stolon; the sporangia are pyri- 
form. 

THE GENUS RHIZOPUS 

In 1920 Theobald Smith 
isolated a mold from bovine 
fetal membranes and fetus. 

This mold was referred to as 
Rhizopus rhizopodiformis, but 
Dodge considers it Rhizopus 
equinus. The same type of mold 
was found by Christiansen in 
swine in 1922. Rhizopus rhi- 
zopodijomiis (R, Cohnii) was 
found in bovine placental tissue 
by Jungherr. 

The genus Rhizopus produces a mycelium which resembles the 
other two genera. The stolons of the aerial mycelium attach to the 
medium at the nodes. Sporangia arise in groups or singly at the 
nodes. 

the blastomycetes 

The Blastomycetes or yeasts are round or oval cells which 
multiply by the process of budding. The newly developed bud 
remains attached to the parent cell until it is mature, at which 
time it, too, develops buds. In some instances the mature cells 
separate from the mother cells, but in some cases a number of 
cells remain attached, forming long chains. 

THE GENUS CRYPTOCOCCUS 
Cryptococcus neoformcins 

C. neo/onna«s is the cause of a cr>'plococcosis in man and 
animals. The disease is often called “European blastomycosis” 
which is misleading because this infcciion is found world-wide 
in distribution. 

Cryplococcosis of man is characterized by the development of 
lesions in Uic brain and meninges simulating brain tumors, ab- 
scesses, or tuberculosis. Localized turnor-likc lesions arc also found 



FIG. 39.1— Mucor rocemosMS, myce- 
lium showing sporangiophores, X 80. 
(From Nowak: Documento Microbio- 
logica, courtesy Gustov Fischer.) 
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in man In animals the disease appears most often m the nasal 
passage or lungs m the form of granulomatous lesions and ab- 
scesses Meningitis and generalized lesions have been observed 


This organism was first noted by Busse (1894-95) in a gen- 
erahzed infection m man A similar yeastlike organism was iso- 
lated from a hip tumor m man by Curtiss in 1896 San Felice, 
1895 and 1898, found encapsulated yeastlike orgamsms m the 
lungs of swme and m the lymph nodes of an ox A yeastlike 
organism was isolated from a myxomatous lesion in the lung of 
a horse by Frothingham m 1912 m Massachusetts Meyer m 1912 
also isolated the organism from a lesion m the nasal cavity of the 
horse Other reports of the disease m the cow, a cheetah, horse, and 
pig are summarized by Saunders (1948) 

In 1952, Pounden and associates reported that Cryptococciis 
neoformans caused mastitis m the bovme This observation was 
confirmed by Innes et al , and by Simon, Nichols, and Morse Le 
sions m the menmges and the ventricular system of a dog were 
found to be due to C neoformans by Seibold, Roberts, and Jordan 
(1953) The relationship of the organism to lesions of the nervous 
system and the world-wide prevalence of the disease are emphasized 
by Barron (1955) 


Cryptococcus neoformarui m both tissue and culture is a thick- 
walled, oval to spherical, buddmg ceU, 5 to 15 microns m diameter 
In tissues the cells are surrounded by a gelatmous capsule which 
may be as wde as the cell, and its presence serves to differentiate 
this organism from other yeastlike forms Buddmg occurs m tissue 
and m artificial cultures The newly formed bud forms a capsule 
and remains attached to the mother cell The organism grows 
t™ to cultivate pathogeme bac- 

davs ? * visible for 10 to 14 

BeStmeTh„r agar, kept at room tem- 

brownish in t’ Slistemng colomes appear which become 

Brownish in color as the culture ages 

For examnle*^”^ ^ resistant to disinfectants m common use 

^utrbf k!cTioiJr".“'r 

ethyl alcohol 70 and 01 ;*^ peroxide, 3 per cent, 

Mme '’7 hydroxide, 1 normal 

gamsm intrapenton?al°^oc^l''i’**^ mfected with the or- 

culture m mice results ^ heavy suspension of the 

days Diagnosis of an 7 ““d hram lesions m 10 to 20 

a^ed by^Ste Presence^f organism is con- 

hke cells when tissues arp^ ^ capsule surroundmg the yeast- 
idenufication of the isolation and 

e organism on laboratory media. 
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THE GENUS CANDIDA 

A great deal of confusion has centered around this genus in 
the literature by the description of many different species. Only 
one species, C. aZbicaus, is recognized as pathogenic for animals. 

Candida a/h/cans 

Candida albicans, often called Monilia albicans, is the cause 
of Moniliasis of man and animals, a disease characterized by per- 
sistent erosive lesions on the skin and mucous membranes, by pul- 
monary lesions, by meningitis, and by generalized systemic in- 
fection. 

Moniliasis is commonly considered to be a disease of man but 
numerous reports of it in animals, especially the avian group, 
have been made (Saunders, 1948). In such cases the infection is 
usually confined to the mouth, the crop, the proventriculus, and 
the gizzard. Lesions consist of circular or elongated and at times 
confluent erosions involving the mucous membrane. They may 
invade the deeper tissues, producing extensive ulceration. The 
presence of thrush or mycotic stomatitis has been observed in 
calves, pigs, and colts but the etiological agent usually has not 
been adequately described. Future cases of this disease in animals 
should be authenticated by the isolation and description of the 
organism, 

C, albicans, as observed in tissues, is a small, oval, budding, 
yeastlike organism, 3 to 6 microns in size. It can be cultivated 
easily on Sabouraud’s glucose agar at 37°C. and at room tem- 
perature. The colonies are smooth and viscid, having a character- 
istic yeasty odor. As colonies enlarge they become rough and 
furrowed with a honeycomb-like center. This organism ferments 
glucose and maltose with the formation of acid and gas; acid is 
formed in sucrose but lactose is not fermented. The rabbit is quite 
susceptible to C. albicans. Intravenous inoculation of 1 ml. of a 
suspension of the organism produces death in 4 to 5 days with the 
formation of abscesses in the kidneys. 

the genus zymonema 

Zymonema farc/minosurn fB/asfomyces farciminosus, Cryp/ococcus 
forciminosus, Sacc/iaromyces farirntnosus) 

Rivolta, in 1873, was the first to demonstrate this organism in 
the exudate from the lymph nodes of epizootic lymphangitis in the 
horse. Marcone, in 1895, was able to obtain a culture of the organ- 
ism witli which he reproduced the disease. In 1897 Tokoshigo, in 
Japan, cultivated Uie organism in pure culture. Since tlicn the dis- 
ease has been reported from many countries. It occurs in France, 
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Italy, Egypt, South Africa, Russia, India, Japan, and the Philippine 
Islands Epizootic lymphangitis is not prevalent in the United States 
although sporadic cases are observed 

In smears made of tissue exudate Zi/monctria jarciminosum ap- 
pears as spherical or ovoid cells 2 5 to 3 5|i m diameter and 3 to 5p m 
length Occasionally elongated and buddmg cells are observed In 
cultures the organism forms irregular hyphae 2p m diameter and 
septa about 10 to 20p, apart The cells are finely granular or homo- 
geneous The organism can be studied in an unstained preparation 
]ust as well as when stained A satisfactory stam for use is heated, 
dilute carbol fuchsin or the Gram stain, according to Kelser 

This organism is aerobic and grows best at 25“ to 30“C It grows 
slowly on artificial media On Sabouraud agar the young colomes 
are small, round, grayish-white, and slightly velvety, old colomes 
are folded, yellowish-white, and sandy Cultures grow more quickly 
on artificial media on successive transfers On carrot and potato, 
colomes are moist, smooth, elevated, shghtly folded, brownish-gray, 
an da^en with age Growth of the organism is slow on liquid 
added to increase the viscosity, a 
thick, folded, snow-white pelhcle composed of yeast cells and thick- 
walled byphae is formed The organism grows slowly on milk which 
\ ferment any of the carbohydrates commonly 

used m the study of bacteria GelaUn is liquefied 

but ts pnmanly pathogenic for the horse, 

bv a T, The d^ease k characterized 

the reZrv^r^ mflammalion of the superficial lymph vessels m 
*ceur ^ddle ^ harness may 

nodules^ft “"'J ‘“--‘uous, and large 

come enlarged, abscesses devel” '*’'7°''? 'j^Phengitis They be- 

”“lt ' htrLd'“ 

but cases have been reported resistant to the infection, 

the trichophytons 

nial » ‘he ep.der- 

they produce is commonly referred to The condition 

typical concentncallv nntreri i “as -nrigwomi because of the 
Greek name herpes is oftonl.iSIT "7* “ tinned The ancient 
be confused with the term hT^ disease, but this must not 

term herpes of virus ongm, such as, herpes 
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febrilis. The Romans linked these diseases with those produced by 
lice and used the name tinea. This term is often used as a common 
name for ringworm. 

THE GENUS TRICHOPHYTON 

The members of this genus produce a dimorphic mycelium 
containing spirals, closterospores, chlamydospores, and aleurospores; 
produce giant colonies which are powdery, rarely velvety; produce 
suppurating lesions in mammalian epidermis, invading the hair 
follicle and often surrounding the hair with a sheath of mycelium 
and small spores; do not penetrate the hair. 

Tr/c/iophy/on menfagrophy/es 

This species is the most prevalent of any of the ringworm fungi, 
having been found in the horse, cat, cattle, dog, chinchilla, fox, 
guinea pig, mouse, monkey, muskrat, opossum, squirrel, and kan- 
garoo. Man is also affected. The species produces a typical con- 
centric lesion in the skin which increases in size, covering a large 
area and spreading to other parts of the body if allowed to go un- 
treated, 

Trichophyton galUnae 

Turkeys and domestic fowls are most commonly affected by 
this organism. The disease it produces, known as favus, is con- 
fined to the head where typical lesions are found on the comb and 
wattles. In severe infections the organim may spread over the body 
causing a loss of feathers and leaving small, crusty, granular mass- 
es in the feather follicles. 

The organism has been observed in man and in the dog. Guinea 
pigs and mice may be artificially infected. 

Trichophyfon equinum 

This fungus is the cause of one of the t5q)es of ringworm in the 
horse and in man. In the horse the lesions which appear on the 
shoulder, back, and rump are characterized by small, shiny, bare 
areas without an inflammatory reaction. These areas are usually 
scattered, although many of them may coalesce to form larger ones. 

Trichophyton schoen/emi 

In man this species is the most common cause of favus. It has 
been found in the rat, mouse, cat, dog, and rabbit, but is not 
thought to produce natural infection in those anim als , 

Trichophyfon quicheanum 

This species is found in mice and cats, usually causing lesions 
on the head. In mice the cornea may become involved, thereby 
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causing blindness with resulting starvation The organism pro- 
duces lesions in man 


Trichophyton verrucosum 

Cattle, dogs, horses, and sheep have been found to be affected 
by this organism Man is also affected 

THE GENUS MICROSPORUM 

This genus is recognized by the formation of closterospores and 
chlamydospores but the absence of alcurospores m most species 
The majority of the species m the group produce ^ng^vo^m m man, 
and a few are foimd in animals In natural lesions the base of the 
hair is covered by a sheath of small arthrospores, not m chains, but 
arranged irregularly 

Microsporum fel/neum 

The cat is the animal most susceptible to this organism Large, 
denuded areas covered with a crusted exudate are produced Ex- 
treme pnintis IS caused by the infection, and the organism is spread 
by scratching This fungus has been found in man and can be 
experimentally transmitted to the dog and guinea pig 

Mlcrosporum canis 

This organism is found m the dog and cat where it causes dry, 
scaly lesions without vesicles or pustules It is easily transferred to 
the gumea pig on infected hairs In man it produces tinea tonsurans 
nucrosponca and herpes circinatus 

Mfcrosporum gypseum 

This fungus IS found in a number of animals mcluding the cat 
chicken, dog, horse, mouse, monkey, and tiger It also is found m 


Mlcrosporum audouinl 

ean^h^ '“"Sidered to be more frequently mfecled with this or- 
™Xy however, it has been reported m the dog and 

THE GENUS ASPERGILLUS 

wide^''diXuw'’r„'“r 

vegetation Each mold planrD*^“'*'“'^ ” 
which are qmcUy di;i^‘ 

the most common contammants of laboratory media 
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The Aspergillae are produced by two types of reproduction, 
sexual and asexual. In sexual reproduction two of the mold fila- 
ments twist together, forming a corkscrew-like body, the cell con- 
tents of each filament fuse, and fertilization takes place. This newly 
formed cell is then covered 
with a dense layer of threads 
formmg an irregular, spherical > 

body known as a perithecium 
(Fig. 39.2). The cell develops 
rapidly, forming eight asco- 
spores. When hberated, these 
ascospores germinate and de- 
velop into the mold plant. In 
the asexual method of repro- 
duction, a conidiopkore is 
formed from hyphae differen- 
tiated for that purpose. The 
conidiophore becomes enlarged 
at the tip and becomes covered 
with a large number of papillae 
which develop mto sterigmata 
(Fig. 39.3) . In the typical 
Aspergillus mold the sterigmata remain smgle. The spores or 
conidia arise from the sterigmata and cling together in long 
chains. The spores are spherical or oval and may be green, black, 
brown, or yellow. It is to the color of the spores that the mold plant 
owes its color. 

All of the molds of this genus are saprophytic except one, 
Aspergillus jumigatus. 


/». ^ 


FIG. 39.2 — Aspergillus 
penthecium, X 300. (From 
Documenta Microbiologico/ 
Gustav Fischer.) 


sp. 


shov/ing 

Nowakt 

courtesy 


Aspergii/us fum/gatus 

This mold was first recognized as a factor in lung infections in 
1815 by Mayer and Emmet who observed it in the lung tissue of a 
jay. Since then it has been found to be a rather common organism 
in various birds and mammals. The disease produced by Aspergillus 
fumigatus is known as aspergillosis or pneumomycosis. The disease 
has been found in the chicken, turkey, duck, goose, pigeon, canary, 
parrot, stork, raven, flamingo, hawk, bullfinch, plover, pheasant, 
ostrich, and swan. In mammals the organism has been observed in 
the horse, cow, sheep, dog, and skunk. It also has been found in 


The spores of Aspergillus fumigatus are widely distributed, be- 
ing especially numerous m moldy feeds. This is supposed to be the 
most common source of the infection for birds. 
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This organism does not differ from the general characteristics 
previously described for the group It produces a blue-green spore 
which imparts a typical color to the mature mycelium A portion 
of the mold colony, placed upon a glass slide, covered with a cover 
slip, and examined, will reveal mterlacmg hyphae and numerous 
comdiophores The spores, or comdia, shatter from the head quite 
easily and are seen scattered 
throughout the field (Fig 
* 394) 

If mjected mtrathoraci- 
cally into the pigeon or chick- 
en, death is produced withm a 
few days Rabbits and guinea 
pigs are also susceptible to ex- 
perimental moculations 

Aspergillosis m birds m- 
volves the lungs and air sacks, 
and hyphae may penetrate mto 
any of the organs of the ab- 
dominal cavity The mfection 
IS found more frequently in 
young chicks which have be- 
come infected from moldy lit- 
V. £ , , Newly hatched chicks have 

been found infected, however, which makes it apparent that the 
ti^r"” f ‘te egg sheU prior to hatching Pulmonary 

^ easJv dpT r/' P^t^hes of the mold growth 

fection IS f ^ a close exammation In mammals the m- 

lection is confmed to the lungs 

fungi IMPERFECTl 

placed in'l^'^up 'rhe m™ W 

numerous witK iKo « r group have become less 

Dodge classifies th^ At ^ unperfect fungi will be reassigned. 

a3t£^„5rastjead!‘t“^T “ Inasmuch 

description of it is necessa^'he^Th ““ 
f^gi Which have both^ yeast ^ discussed are 

their complex morpholoeiral ® ^ 


FIG 39 3 — Aspergillus fumigatus, eo- 
"‘®J»Phore, stengmeta and eonidio, 
X 340 (From Nowak Ooeumenia 
Micrebiologiea courtesy Gustov Fi 
scher) 


: morphological cycle 
THE GENUS SPOROTRICHUM 

-nidiophoms -"nt bached 

' "“y •» lateral or termmal 


hyphae, 
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The members of the genus which have been observed in ani- 
mals have been confined to the horse. The exact identity of these 
organisms is not known. They are variably given as Sporotrichum 
heumianni, Sporotrichum equi, and Sporotrichum schencki. 
Strains of this fungus from the horse apparently have not been sub- 


jected to complete comparative study. They are thought to be simi- 


lar to, if not identical to, 
human strains now called 
SporotncJiu7)i schencki var. 
heurmanni. 

This sporothrix is respon- 
sible for a lymphangitis in the 
horse, which may be confused 
clinically with the epizootic 
lymphangitis produced by Zy- 
monema iarciminosum (Bias- 
tornyces farciminosus) . In tis- 
sues this sporothrix produces 
yeastlike cells (Fig. 39.5) , 
which are smaller than the 
hUstomyces. On a suitable me- 
dium, such as Sabouraud’s 
maltose agar, a small, grayish- 
white, fringed colony is 
formed. As it ages it becomes 



FiG. 39.4 — Aspergillus fumlgatus, por- 
tior) of mycelium showing hyphoe ond 
conidiophores, X 250. (From Nowok; 
Oocumento Microbiologico, courtesy 
Gustav Fischer.) 

dark brown in color, wrinkled, 


mid raised in the center. Upon microscopic examination 


the colony is found to be composed of mycelial threads. Conidia are 


attached to the sides and ends of the hyphae by short sterigmata. 


the genus BLASTOMYCES 
Blastomyces dermafit/d/s 

This organism is the cause of North American blastomycosis, 
a disease of man and animals characterized by pulmonary involve- 
i^ent and lesions resembling tuberculosis, the formation of cutane- 
ous abscesses, and in some instances generalized infection with the 
formation of abscesses in various tissues. This disease was first 
observed in man by Gilchrist in 1896 and the fungus was isolated 
snd named by Gilchrist and Stokes in 1898. Meyer was apparently 
the first to describe a natural case of the disease in the dog in 1912. 
Numerous reports of the disease in the dog have been summarized 
by Saunders. The first report of the organism in lesions of blasto- 
mycosis of the horse was made by Benbrook, Bryant, and Saunders 
in. 1948. 

Ramsey and Carter in 1952 published a summary of 16 reports 
of the disease in the dog, which concurred with their observations 
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that suppurative granulomatous lesions are most commonly ob- 
served m the lungs and the skm 

The source of the infection in man is not known but it is as- 
sumed that it grows as a saprophyte m the soil and that infection 
of man and animals is accidental and quite rare There are no 
reports of transmission occurring among animals or from animals 
to man The nature of the dis- 
ease, however, suggests that 
caio must bo taken by those 
handhng tissue, either animal 
or human, infected with this 
organism 

B dcrmatitidis occurs m 
infected tissue as large, round 
cells 5 to 15 microns m diame- 
ter, with a so-called “double- 
contoured ’ cell walk Buds, 
similar to those m yeasts, may 
be observed and short chains 
of buds are often found The 
organism can be cultured on 
Sabouraud agar at room tern- 
perature, where it grows 
whifK u slowly, forming a white colony 

. ^ Branching, septate hyphae are 

8 m si oval comia 2 to 

at 37° C Rabhit«! m ^ fresh media which are incubated 

Mtce the exp’ererj‘Sr=t ofTo“ 

ceU m a Us, 171“! the double^ontoured 

Cryptococcus neoformons by the differentiated from 

around the latter The celk of r capsule 

confused with B de™ , 7^ ot Coccidiosis ,mm,Us which may be 

nient&a::XtT:‘;S“t^tral“h" 

disease m man but a report of th '’t™ diagnose the 

not avadable Positive diavnnc ^ annuals is 

identification of the organism obtamed by cultivation and 

the genus hisiopusma 

Hislopicjsma copsolatum 

end animals Saractei^d”^ lustoplasmosis, a disease of man 
Internal lesions cause leoWnr,,^ ^ ^ range of clinical conditions 
leukopenu,. anemia, hepatomegaly, spleno- 


/ 


vis .t ?’i! 7 *ch*neki, 

yeaulike bodies in phagocyte, x t 000 
jfrom Nowak Documenta Mierobio. 
logieo courtesy Gustov fiseher > 
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megaly, vegetative endocarditis and ulcerative enteritis Papular 
and ulcerative skin lesions have been observed but the disease is 
generally considered to be a systemic mfection involvmg the 
reticulo-endothelial system Recent studies of histoplasmosis have 
revealed that a mild type of the disease, causmg nodular pulmonary 
lesions, exists in man These lesions become calcified and obviously 
may be confused with tuberculous lesions m X-ray diagnosis 

The first case of histoplasmosis was described by Darlmg m 
1906 He considered the organism to be a protozoan and gave it the 
name Hisfoplasma capsulatum The fungus nature of the orgamsm 
was noted by Da Roclia-Lima m 1912-13 but final proof that the 
organism was a fungus was contributed by Hausmann and Schenken 
m 1933-34 and by De Monbreun m 1934 De Monbreun was the 
fust mvestigator to recover the organism from a natural case of 
tlie disease m the dog in 1939 Smce that time the organism has 
been recovered from numerous dogs and other species of animals 
mcludmg rats, mice, skunks, cattle, sheep, swme, chickens, turkeys, 
pigeons, gophers, opossum, rabbits, raccoons, squirrels, cats and 
horses Experimentally, the white mouse is considered supeiior to 
any other animal 

Histoplasma capsulatwn is a typical example of a dimorphic 
orgamsm, appearing as a yeast and also as a mold In the lesions of 
the natural disease small, budding, oval, yeasthke bodies, 2-4\l in 
size, are found m the cytoplasm of endothelial and mononuclear 
cells The yeasthke type of the organism is grown on sealed blood- 
agar slants at 37°C , formmg colomes not unlike the staphylococci 
On Sabouraud’s glucose agar kept at room temperature white 
cottony colonies develop which become brown as they become 
older In the young cultures defimte branching septated hyphae 
are observed bearing small (2-5ji), round comdia called micro- 
comdia In older cultures large (8-12p) , thick-walled comdia 
(macroconidia) are noted These large comdia are surrounded with 
finger-hke projections, which are considered quite diagnostic of 
the orgamsm The complete cycle by which the organism develops 
from the yeast form to the mold form or vice versa has not been 
explained 

Histoplasmosis is considered to be world wide in distribution 
At present it is known to be present m. defimte areas probably 
because those areas have been centers of mvestigation 

The discovery of H capsulatum m the dog led to the supposi- 
tion that this animal was the reservoir of the infection and that it 
was transmitted from the dog to man Surveys of the mcidence of 
histoplasmosis in human and dog populations do not indicate that 
there is any relationship of one to the other The piesence of the 
organism m suppurative skin exudates and the sputum indicate 
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that infected animals should not be allowed in contact with human 
beings It IS likely that this organism is one whose natural habitat 
IS the soil and plant life, but it has become parasitic on the cells of 
animals 

It IS not possible to diagnose the disease by climcal observa- 
tion, the similarity to tuberculosis has been mentioned as lead- 
ing to confusion The demonstration of the organism in tissues is 
considered the most satisfactory means of diagnosis, but this should 
be confirmed by the isolation and identification of the organism 

Histoplasmm, a product analogous to tuberculm and given 
mtradermally, has been found valuable m detecting the incidence 
of histoplasmosis m human bemgs The use of this diagnostic 
agent for dogs has been lunited but in surveys where it has been 
used It IS considered to be as rehable as when used for man (Cole, 
Prior, and Saslaw) An antigen composed of collodion particles 
sei^itized with histoplasmm has been used m an agglutination 
test for the detection of the disease The complement-fixation test 
has proven to be a reliable method of detecting infected ammals 
in making field surveys 

THE GENUS COCCIDIOIDES 
Cocerdioiefes immifis 

coccAoX''!’ ‘I’® to discover a case o£ 

o? Se i‘®®overed a case 

to observe a f i, Califorma m 1894 Giltner was the first 
The rebdo t “ Cahfemm, m 1918 

w^n ftev G.fford in 1936 

•oidcs iminitis ° venditions were caused by Coccid- 

ease in he“ f 

Kansas, Louisiana Missouri NpH T*” Colorado, Illinois, 

South Carolina, ’Tennessee Pennsylvania, 

Hawaii The disease hac k Washington, Alaska, and 

Mexico, and in Italy This °“«d m South America, Old 
cases of disease m cattle found m more 

coccidioidal granuloma in f>,o iT animaL Cases of 

California, Colorado, New Me^^OId reported m Arizona 

has observed that the mfection is au.2 Maddy 

in the southwestern states Pt prevalent m dusty feed lots 

obtamed from the dog m organism have been 

sheep m Arizona, Wild ror? ♦ Canada and from th‘' 
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The presence of Coccidioides immitis in so many hosts has raised 
the question of their relationship to the disease m man Stiles and 
Davis conclude that there is at present no evidence that the organism 
IS transmitted from animal to animal, from animal to man, or from 
man to man under natural conditions However, the transmission 
of the orgamsm to laboratory animals from infected tissues has been 
reported and care must be observed m the handlmg of tissues taken 
from infected animals Likewise, cultures of the organism m the 
laboratory must be handled with caution It is believed that most 
of the cases of the disease are obtamed from contact with the soil 
and from dust m which the spores of the organism are quite prev- 
alent during ramy periods m the area of the southwestern United 
States The orgamsm may enter through skm abrasions and in rare 
instances through the gastro-mtestmal tract 

Coccidioides iminitis, in infected tissue, forms spherical, doubly 
contoured, thick-walled cells which are filled with a large number 
of ellipsoid spores These cells or spherioles may be 30[i or more in 
size In cultures of solid media, such as malt extract agar, the organ- 
ism forms white cottony colomes Examination of cultures by the 
hangmg-drop technic reveals an extensive mycelium composed of 
interlacing hyphae The hyphae are septate, but each cell has a 
number of nuclei Numerous arthrospores form m the hyphae, 
which fragment as the culture ages freemg the arthrospores These 
are highly infectious and mfection results by their inhalation on 
dust particles 

In man, this organism produces a disease which is characterized 
by two different names “Valley fever” is the name given to an 
acute influenza-hke disease which is usually uncomplicated and 
rarely causes death Coccidioidal granuloma is a highly fatal chrome 
form of the disease in which the lungs, skm, lymph nodes, bones, 
meninges, and thoracic viscera are mvolved 

In the bovme this orgamsm produces abscesses m the lungs, 
pleural cavity, and m ceivical lymph nodes These lesions may be 
confused with those of tuberculosis, actmomycosis, actmobacillosis, 
and C pyogenes abscesses In fact, the only certam method of differ- 
entiation IS the isolation and identification of the causal agent 
Traum and Schalm have observed clubhke radiations surrounding 
the coccidioidal spheriole in four cases of typical actmomycotic le- 
sions m cattle This further emphasizes the fact, previously men- 
tioned, that actinomycosis cannot be diagnosed by the findmg of 
stellate colonies in the purulent exudate 

The organism produces abscesses of tlie lymph nodes m sheep 
These lesions are similar to those of caseous lymphademtis 

Descriptions of the disease m dogs are limited, a few authentic 
cases have been recorded of which the one by Smith (1948) is 
typical 
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A case of acute, generalized coccidioidomycosis has been ob- 
served m the mountam gonlla* Gonlla. benngen, by McKenny, 
Traum, and Bonestell 

In areas of the country where the disease is endemic it has been 
shown by Emmons that the wdd rodents constitute the reservoir ot 
infecUon In order to determine whether coccidioides is present in a 
locabty it is advisable to examine the pocket mice (Perognathus sp ) , 
which are the rodents most frequently infected 
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PART IV 

The F titrable Viruses 




General Characteristics 
of Viruses 


The Viruses constitute a group of infectious agents which are 
characterized by their exceedingly small size and that they are 
obhgate parasites They are the smallest hvmg thmgs known and 
are able to propagate only in the hvmg cells of plants, animals, or 
bacteria Many of the mfectious diseases of animals and man are 
caused by members of the virus group 

The discovery of viruses was made by Iwanowski (1892) who 
first reported that the agent causmg tobacco-mosaic disease would 
pass through filters which retamed bacteria Beijermck (1898) also 
noted that tobacco-mosaic virus passed through filters and he re- 
ferred to this agent as a contagtum vivwn jlmdum This same year 
Loeffler and Frosch discovered the virus of foot-and-mouth 
disease of cattle Subsequently a large number of virus diseases 
have been described Until recent years the diagnosis of virus in- 
fection was usually based on failure to demonstrate bacteria which 
Would reproduce the disease while filtrates from the infected tissue 
would do so with regularity Thus the etiological agent of many 
diseases was proved to be a virus many years before development 
of microscopes with which these small particles could be seen 
Blcmcntary Bodies. The unit of a virus is referred to as an 
cleinenfa?^ body and may be thought of as analogous to a cell as 
the umt among the bacteria The elementary bodies may be seen 
singly or m some cases they may be found m aggregates which 
ore perhaps comparable to colonics of bacteria An example is the 
Borrel bodies of fowl pox which are tlie unit particles of the 
virus In the mfected tissue they are commonly found in aggregates 
or “colomes" called Bollmger bodies It has been shown con- 
clusively that mfectivity of a virus rests entirely withm the 
clcmcntaTT/ body 

Morphologj The general morphology of viruses is very similar 
to the bacteria The usual shape of those viruses wluch have 
been seen arc irregularly rounded, spherical, or rodlikc particles 
fAsaj 
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Some appear as \ery short rods and a few have been showai to 
have a sperimlozoa like appearance luvmg a rounded head and 
distinct tail (Fig 10 XC) The morphology of at least one virus is de- 
pendent upon the character of Uic suspending medium Bang has 
shown that Newcastle disease Mtus is plastic and undergoes cliangcs 
in shape depending on the composition of the suspending medium 
This virus IS spherical in saline solution but it is either elongated or 
spennatozoa shaped in distilled water 

Size One of the important differences between bacteria and 
viruses is tliat of ph>sical size All of the viruses arc smaller tlian 
bacteria however, one of the large viruses, canary pox, is 2G0 by 
310 mp while the thickness of H ui/Iucnrac is 300 mp Tlic viruses 
themselves vary considerably m size Tlic largest virus is approxi- 
mately 300 mp and the smallest, foot and moutli disease virus is 
only 10 mp in diameter Further comparison shows tliat the foot- 
and mouth disease virus is nearly the same size as the largest pro- 
tein molecule 

Estimates of the size of virus elementary bodies were first 
made by filtration studies It was found that the pore diameter 
of filters could bo altered by changing the proportion of materials 
used in their manufacture By filtcrmg virus-containing material 
through a number of filters of different pore size and testing the 
mfectivity of the filtrates fairly accurate determinations of the size 
of viruses have been obtained 

Ihgh speed centrifugation has also been useful in determmmg 
the physical size of viruses Since the rate of sedimentation of a 
suspended particle is dependent upon its size, its density, and the 
viscosity of the liquid, it is possible to calculate fairly accurately 
the size of virus particles 

Comparatiue size of some mruscs with Rickettsia, 
bactena, and mammalian cells 


Mammalian erythrocytes 
Staphylococci 
E coll 

H influenzae 
Rickettsiae 
Fowl pox virus 
Rabies virus 
Hog cholera virus 
Foot and mouth disease virus 
Large protem molecules 
The development of the electron 


abled investigators to microscope (Fig 40 2) has cn 

gators to determine the size of many viruses by direct 


7,500 
800-1,200 
500 X 1,000 
300 X 1,500 
300 

264 X 322 
160-240 
33 
8-12 
4-7 

microscope (Fig 40 2) has cn 



FIG. 40.1 A » Equine encephalomyelitis 
virus (Western typo), X 30.000. Elec- 
tron Photo by Carr. 


B — Influenia A virus, PR8 strain, show- 
”^9 filamentous and spherical forms, X 
25,300. Courtesy Murphy, Karion, end 
Bang, Proc. Sac. Exp. Biol. Med. 74 593, 


C Nev/castle disease virus shov/ing 
shaped elementary bodies, X 
30,000. Electron Photo by Carr. 
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measurement Although some o£ the larger virus particles can be 
seen under the ordinary light microscope, it was the development 
of the electron microscope which enabled virologists to view many 
of the viruses for the first time However, not all of the known 
viruses have been seen or photographed by this method 

Chemical Composition The chemical composition of a number 
of viruses has been determmed. AU of those which have been 
purified and chemically analyzed are composed chiefly of protem 
Many of the plant viruses are pure nucleo proteins The animal 
viruses are m general more complex, but protem is the mam con 
stituent Several of them are partly composed of lipids and i>oly- 
saccharides For example, equine encephalomyehtis virus contains 
48 per cent lipids and Newcastle disease virus 27 per cent Influenza 
virus contains a polysaccharide substance 

The ammo acid content of viruses is variable The amount 
of ammo acids may be similar m closely related viruses or certam 
ones may be totally absent These variations m virus composition 
may be of significance m determmmg their virulence, hosts, tissue 
specificity, and immunological differences 

Cultivation of Viruses The viruses have, so far, never been 
successfully cultivated m a cell free medium as one would cultivate 
bacteria Livmg cells supply a vital factor which the virus itself 
does not possess Some writers have visualized the virus particle 
as a mass of living nuclear material which depends upon the 
cytoplasm of a host cell to supply the necessary enzymes and 
nutrients to carry on virus multiphcation Such a concept may 
not be entirely correct but m view of present knowledge some 
such arrangement probably exists 


Viruses may be propagated by one or more general methods 

1 Inoculation into a susceptible host 

2 Tissue cultures 


3 Inoculation into dcvclopmg chicken embryos 


Propagation from one suscepUble animal to another was the 
f f m 3 '3rus and stiU is the only success- 

ful “Othod of cultivatmg certam ones Tissue cultures have been 
tion^o^f T*" g'O'^h There are many vana 

of livino 1 ^ t, \ general, tissue cultures consist of hits 

Id a^l 1 aseptieally from a hvmg animal 

in a bulfered ^ serum, or tissue extracts and suspended 
tl^utermo ™“="3ls are placed m flasks, 

ture “d '"oeulated mto the mix- 

courarl 2 to 5 days Bacterial contamination, of 

*rcxacT™t™al f. “> 33l‘-vated may detemuna 

the exact materials and techmenecessary f„c successful propagation 



FIG 40 2 — Electron microscope Courtesy Iowa State College Informat on 
Service Photo by John Barry 
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The discovery that the developing chicken embryo would sup- 
port the growth of many species of animal viruses has been impor- 
tant m the study of viruses The chicken embryo is the most 
useful experimental animal m virology, because of its accessibihty, 
economy convenience in handling, and susceptibility to a variety 
of virus agents The chicken embryo can be infected with many 
viruses to which the adult bird is refractory The fact that many 
viruses grow abundantly m the chicken embryo has made it pos- 
sible to produce materials for vaccme manufacture on a large scale 
In addition to furnishing a convement means of vims propagation, 
the chicken embryo can be used m many other ways m virus stud- 
ies Virus assay, neutralization tests, materials for hemagglutination, 
complement fixation, heat survival and disinfection tests can all be 
satisfactorily conducted m embryos The lesions which are pro- 
duced or the lethal effects of the viruses can also be studied in 
embryos 


Physiology of Viruses Little is known about the physiology 
of viruses Attempts at measuring the respiration of a virus have 
not been successful The technical difficulties encountered in meas- 
urag the metabolic activity of the virus which necessarily takes 
place within hving cells have remained an obstacle There is no 
doubt that chemical changes do take place m these parasitized 
cells, but methods are not yet sensitive enough to evaluate them 
Resistance of Viruses In general, the viruses are more easily 
destroyed by physical and chemical agents than the bacteria, but 
there are exceptions 

fnr ™ ° of most Viruses IS destroyed by heatmg at 56°C 

m less at lower temperatures or 

rays^r'reTl,’'"'"^ the 

LXl ntem T '"htoh are most 

rato^es ma^LL,"“ “ ‘’f laboratories, and labo- 
utd to rarvatfr® mtraviolet rays are 

produce a mmimum'^ange m u!”' Ultraviolet rays 

vaccmes are more eflective^m tl.* Protem and the resultmg 
Chemical destiTcurof 

Viruses often resist nr.nr»ar,» is usually not difficult, but 

the nonsporetonmng bacteria ” '*®"“oals which kill many of 

chemLaTyrit-Lte^ryfrA*? “ "“‘-y v— 

vims particles are so often ^ . ®”“oal to reach the vims Smce 

they have grown, they are protecSTh* 

protected by the coagulation of plasma 
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almost no efiect upon viruses even m vcr>' high concentration In 
fact, penicillin and streptomycin have proved very' useful m the 
primary isolation of viruses These agents will inhibit contami- 
nating bacteria and allow the growth of the virus even from such 
materials as throat washings or intestinal contents The addition 
of 1,000 to 10,000 O U of penicillin and 1 to 10 mg of streptomycin 
per ml of inoculum does not interfere with virus multiplication 
and IS well tolerated by chicken embryos or experimental animals 
which may bo inoculated for virus cultivation 

Variation of Vintses As is the case v\ith other biological 
material, the viruses show the characteristic of variability Varia- 
tion in virulence occurs in nature, since strains which are other- 
wise mdistinguishable may be quite variable in the seventy of 
the disease they produce There are examples of antigenic variation 
m a smgle species of virus Foot-and-mouth virus has three distinct 
antigenic types — A, O, and C, and immunity to one docs not confer 
any protection against infection by another 

Many viruses have been shown to vary under artificial con- 
dihons For example, serial passage of rabies virus through rabbits 
result m “fixed virus ’* The term “fixed” refers to the stabilization 
of the incubation period in the rabbit Whereas the usual in- 
cubation period IS about 21 days, after many passages the m- 
cubatioa period is reduced and becomes fixed at G to 8 days In the 
process the virulence for Ihc rabbit is increased, nhile it is de- 
creased for other animals 
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possesses characteristics of both the original strains. Such a phe- 
nomenon has been observed among the bacterial viruses and in the 
influenza group. 

Interference Phenomenon. The phenomenon of interference 
or cell blockade which has been observed with viruses is of inter- 
est. It has been found that a virus may be blocked from entering 
a cell which is already parasitized by another virus. This effect 
has been demonstrated by using closely related yet distinguish- 
able strains of a virus showing that the virus which was inocu- 
lated first into the animal or chicken embryo prevented the 
multiplication of a second virus. It has also been observed that 
two unrelated viruses which attack the same tissue cells may inter- 
fere or that inactivated virus may block the entry of a live 
virulent one. Thus, a virus disease may be prevented in some 
instances by injecting avirulent or inactivated strains of a virus 
ahead of the entrance of the virulent strain. 
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The General Characteristics 
of Virus Diseases 


The general characteristics of vims diseases closely resemble 
those produced by bacteria, but may difTer significantly in some 
respects The vimsos may be more host»spocific and in some in- 
stances more tissue-specific than most pathogenic bacteria. Gcn- 
cra1i2ed mfection by a virus may occur and lesions may be produced 
throughout the blood-vascular system, as is seen in hog cholera. 
Certain viruses may be found in the blood during early stages of 
infection without producing visible lesions of the blood-vascular 
system. Such a condition is referred to as a viremm; however, when 
there are lesions of the blood-vascular system, the term septicemia 
u often used. Many virus diseases are characterized by generalized 
infection 


Vimses. such as those of the pox group, have a predilection 
for epithelial toue of the skin, while there are others which infect 
mly the central nervous system producing encephalitis. Still other 
hfe«i!. causing the ceU to pro- 

emtM„r The tendency to invade the surface 

bacteria ° ^ efe tumor formation seldom occurs among 

different chara^^ from virus invasion is ordinarily of a 

In manv inUa oecompanying bacterial infection. 

ffltr”Z There is often in- 

“r^s mfectior 7 '* "’'’"'’"“dear cells into the area of 

rountered XZ ^ eln'ost never on- 

of producing this condrtron.™"' " ’'’"e'erial species are capable 

inclusion hodiclTsoml 'orules''"™^ infections is the production of 
intranuclear bodies The Nevri XT while others are 

■t is used in the diaSi - dislinetive that 

elusions are ag^retS rfX*' ‘hese cell in- 

of virus parasitism has been de^ "lerely a reaction product 

»ccn debated. Some Inclusion bodies have 
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been shown to consist entirely of virus or at least contain it, while 
inclusions closely resembling those seen in virus diseases have 
occasionally been demonstrated in apparently healthy tissue. The 
fact remains, however, that the occurrence of these characteristic 
inclusions is of considerable diagnostic value in certain virus in- 
fections. 

Transmission. Virus diseases are usually more contagious than 
bacterial diseases. A virus may escape in several ways from an 
infected host. It may escape from the infected host on moisture 
(Iroplets from the respiratory tract. Diseases such as influenza are 
particularly apt to be spread in this manner. Rabies virus is 
eliminated in the salvia of an infected animal and is transferred 
by biting. Urine and feces from infected hosts may contain the 
viruses of some diseases. If food and water should be contaminated 
with these excrements, the disease may be transmitted. In many 
cases a viremia is present and biting or blood-sucking insects 
n^ay be responsible for transmission of a virus disease. Virus 
diseases may also be spread by direct or indirect contact with in- 
fective material. The pox group of viruses may be spread in this 
manner. Since many viruses remain intracellular, they may be 
passed from one animal to another while in body cells such as 
desquamated epithelial cells. Many of the viruses are quite re- 
sistant to drying and may remain viable outside the host for 
Weeks or months under favorable conditions. 

The inapparent carrier is also important in virus transmission. 
Sottietimes animals carry viruses without showing symptoms of 
the disease, yet they constitute a reservoir of infection for other 
susceptible species. Such a condition exists in the case of fowl 
harboring equine encephalomyelitis virus or in swine carrying the 
pseudorabies virus without showing clinical evidence of the disease. 

Immunity. The fact that viruses are composed chiefly of com- 
paratively simple proteins is probably responsible for their high 
mitigenicity. In general, immunity produced by recovery from in- 
fection or by vaccination is usually more protective against an 
attack and is also more durable than that produced by bacterial 
agents. Thus, some of the most efficient immunizing agents are 
those prepared for use against virus diseases. 
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Methods Used in the 
Study of Viruses 


Determination ol Size and Morpholojjj. Knowledge of Uie size 
and morphology of viruses has increased as the tools and technics 
have been discovered and developed Scientists m the early part o 
this century were aware that living agents capable of inciting dis- 
ease existed and that these agents uere smaller than objects seen 
with the light microscope However, m spite of this limitation, 
of the physical properties of the various viruses were determined 
with remarkable accuracy 

Filters and Filtration Filtration experiments were used by 
Iwanowski (1892) m his original work which proved the existence 
0 a vuus He used filters having a pore size which retained bac 
tena yet an infectious agent passed through into the filtrate This 
technic has been used since that time to separate viruses from bac- 
^ ° ^ criterion for the presence of a virus If a filtrate 

viru<i haclcria could bo demonstrated, then a 

were present Filters of various porosities 

filter, havmg'po'res “ '"^*6 

Virus wac 1^0* known size the approximate size of th 

of the Virus noting which filter allowed the passage 
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The Mandler type is also made of diatomaceous earth and is 
very similar to the Berkefeld. Three grades, preliminary, regular, 
and fine are manufactured. 

The Pasteur-Chamherland filter is made of porcelain, molded 
into a candle form, and graded in porosities of Li, coarse grade, 
to Lis, the finest grade. 

Selas filters are a porcelain product made in 7 grades of porosity. 
They are graded from XF, XFF, No. 10, and No. 01 which are 
coarse grades to No. 015, No. 02, and No. 03 which retain bacteria. 

Seitz filters are asbestos pads manufactured in 2 grades, K 
which are coarse and EK which retain bacteria. These pads are held 
in a metal holder and are discarded after being used once to elimi- 
nate cleaning. 

Boemer filters are the same as the Seitz except that they are 
small and are fitted in a small metal receptacle which adapts onto 
a test tube and are centrifuged in order to force the liquid through 
them. 

Swinney filters consists of a small Seitz pad placed in a metal 
receptacle which adapts onto a syringe and the material to be 
filtered is forced through the pad by positive pressure. 

Collodion filters — The collodion filter is composed of nitro- 
cellulose. The pore diameter may be varied by the addition of 
various amounts of alcohols, ether, acetone, and acetic acid Filters 
of pore diameter ranging from 3p to lOm^i can be made. This type 
of filter has been most useful in determining the size of virus 
particles. 

Cellulose filters — -Filter membranes of pure cellulose or cellu- 
lose derivatives are manufactured in a variety of porosities. Those 
^sed in virology are: coarse with the pore diameter 3 to 0 75p, 
medium 0.75 to 0 5|.i, dense 0.5 to 0.2m and very dense below 0.2m 

Preparation of Filters for Use. Before a filter is used, it must 
be clean, sterile, and free from leaks. New filters of the Berkefeld 
or Mandler type should be washed free of dust by passing distilled 
Water through them from the outside to the inside of the filter and 
then reversing the flow. One method of testing for leaks is to 
®pply air pressure to the inside of the filter candle while it is 
submerged in water. The air pressure should be started low and 
gradually increased. If there are cracks in the candle, air will pass 
through them on low pressure and the air bubbles will emerge 
from one spot. An actual test for the retention of small bacteria is 
sometimes used. A diluted broth culture of Serratia tnarcescens 
^ filtered and the filtrate cultured. This organism is a small Gram- 
negative rod which produces a red pigment. It is also nonpatho- 
genic, so it can be handled easily and detected on cultures of 
filtrates. Sterilization of filters of the molded candle type is usually 
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accomplished by autoclaving for one and one-half hours at 121°C 
after which they are gradually cooled and allowed to dry 

Stenlization of asbestos pad filters is done by autoclaving 
the pad assembled in its receptacle for 30 minutes at 121°C 

Collodion filters are sterilized by boiling or by treatment with 
ultraviolet light 

Technic of Filtration Ibe ideal condition of virus filtration 
IS to remove bacteria but to allow the passage of all of the virus 
present m the solution This condition is seldom reached 

The efficiency of filtration is dependent upon the following 
factors 


1 Size of virus to be passed 

2 Amount of virus present 

3 Diameter of the pores of the filter 

4 Electrical charge of the filter 

5 Electrical charge of the virus 

6 Amount of negative or positive pressure applied 

7 Viscosity and pH of the solution 

8 Duration of the filtering operation 


Successful filtration is to a great extent dependent upon knowl- 
edge of the properties of the various filters and of the virus to be 
filtered Obviously, a filter must be chosen which has pores larger 
than the virus to be passed into the filtrate On the other hand, the 
filter pores must be small enough to withhold bacteria which may be 
present 


Trouble is often encountered with certam virus-filter combma- 
tions because they are of the opposite electrical charge and the virus 
« a^orbed onto the filter In this case little or no virus passes mto 
the filtrate unless the concentration of virus is quite high Filters 
made of diatomaceous earth are negatively charged while the as- 
bestos pa^ have a positive charge Most viruses are negatively 
charged The application of negative pressure to the mside of the 
filter mcreases the rate of fillraUon However, it should be measured 
y a mercury manometer or other suitable device and not allowed 
e^'^essive or bacteria may be d^a^vn through a filter which 
would othenv^e vjthhold ftem Ordmanly pressure, of more than 

a™ 

filtered’^ f material bemg 

SlredeX 1 ’ disinfection of the filter must 

Sotte t, 2 Pe- <=ent oodium 

also After Immersion m 2 per cent phenol is used 

tthcTwift in h ” ''e-tment the ffller should be 
aahed with hrushmg end then distjled water used to wash out 



Study of Viruses 667 


the pores by reversing the flow on the filter. The asbestos pads are 
not cleaned but are disinfected and then discarded. 

Selas filters can be freed of organic material by firing in a 
furnace at around 1,200°F. Collodion membranes are more difficult 
to prepare but in many ways are more satisfactory than the other 
types because they absorb less virus and do not become clogged as 
soon. 

Centrifugation. Centrifugation of virus-containing material 
may be done for two reasons; to concentrate the virus particles in 
the process of purification for detailed study and to determine the 
rate of sedimentation which will aid in estimating the size of the 
elementary body. If other constants are known, it is possible to cal- 
culate the size of a virus particle by its rate of sedimentation. 

There are four types of centrifuges which are used in sedimen- 
tation of viruses. The Sharpies type consists of a cylinder which is 
mounted in a vertical position and is driven by a high-speed electric 
motor. Fairly large amounts of solution may be passed through this 
t 5 rpe at speeds up to 50,000 r.p.m. 

The angle centrifuge turns at a lower speed but will sediment 
many of the viruses. The tubes used to contain the virus material 
are narrow and flat so that any particle will have only a short dis- 
tance to travel to be deposited on the wall of the tube. The head 
rotates at an angle of about 28® from the vertical. A small air-driven 
type is in the form of a turbine which has small vanes which com- 
pressed air strikes propelling the turbine at speeds up to 60,000 r.p.m. 
Only small amounts of material can be centrifuged in this apparatus. 

The bucket type is driven directly by an electric motor or a 
geared motor. The material to be centrifuged is contained in plastic 
or hard glass test tubes of about 5 ml. capacity. Speeds of 40,000 
r.p.m. are possible and will sediment many viruses in 1 hour. 

Centrifuges have been modified to advantage in several ways 
such as the vacuum centrifuge in order to reduce air resistance, 
refrigeration of the chamber to protect the virus material from 
excessivfe heat, and the optical centrifuge in which the progress of 
sedimentation can he photographed at intervals during the operation. 

Microscopy. Light Microscope. It is possible to observe the ele- 
mentary bodies of some viruses under the ordinary light micro- 
scope. Technics have been devised for staining the larger viruses 
such as the pox group. As with the bacteria differential staining 
aids a great deal in distinguishing the virus particles from other 
small particles seen in tissue preparations. Although it is possible to 
see particles as small as 100 m)i, which is within the range of size 
of many viruses, it is very difficult to identify them with certainty. 
The practical limit of magnification for the light microscope is in 
the region of 1,200 to 1,500 diameters. 
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Dark field illumination of Mrus specimens has some advantage 
over the ordinary application of light microscopy By employmg 
this technic the limits of visibility and resolution are increased, 
however, its use has been limited 

A magnification of X3,200 with good resolution has been ob- 
tained by using ultraviolet light Instruments of this kind have not 
come into use because direct view of the object is not possible and 
photographic plates must bo used 

Electron Microscope The use of electron rays instead of visible 
light rays has made possible over-all magnifications up to XlOO.OOO 
with good definition Microscopes of this type have been developed 
smee the work of Marton in 1934 

The electron microscope is a very highly specialized instrument 
requirmg considerable technical training and skill to operate it 
successfully The basic principle of magnification of the electron 
microscope is similar to the light microscope except that electrons 
are used m place of light rays and the electron rays are focused by 
magnetic fields instead of the lens of glass m the light microscope 
The source of electrons is a hot filament and they arc accelerated 
by very high voltages of 50 kilovolts or more This voltage must bo 
controlled to within 1 to 2 volts a technical achievement m itself 
High vacuum is also necessary for successful operation of the elec- 
tron microscope By using specially designed pumps a vacuum of 
10 ® mm of mercury or below is mamtamed within the tube of the 
scope 

The objects to be observed are placed on a collodion membrane 
which is supported by a small disc of 200 mesh screen This screen 
IS then placed in a holder which is inserted into the microscope tube 
A high vacuum is pumped m the tube and the electrons pass from 
the filament through the specunen and are focused on the fluores 
cent screen below A shadow appears where the electrons strike an 
object in the specimen and are scattered so they do not reach the 
screen 


A process known as ‘shadow casting ’ has come mto general 
use e ore t e specimen is placed in the electron microscope, it is 
placed m a vacuum chamber and a metal usually gold or chromium, 
is evaporated by heatmg it to mcandescence so that a very thm layer 
iT^cr « the surface of particles, such as a virus The coat 

metal”i<? ^ ° object is not uniform since more of the 

Te ml? fte source of 

meTsuk r T ''‘F on the opposite side 

electron microsenn^*^ viruses on the flourescent screen of the 
pe, photographs are usually taken and even more 
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detail may be observed. Also pictures of viruses may be photo- 
graphically enlarged several times. From such photographs the size 
may be calculated and the morphology can be observed. 

Although the electron microscope is important as a virus re- 
search tool, it is too expensive and its successful operation too techni- 
cal to be used in routine diagnosis of virus diseases. 

Cultivation of Viruses, Viruses may be cultivated in three 
ways: animal inoculation, tissue cultures, and the inoculation of 
chicken embryos. Some viruses can be successfully propagated by 
any of the three methods while others can be grown only in the 
natural host animal. 

Animal Inoculation. Animal inoculation was the first method 
of virus cultivation and for many years was the only means of 
virus propagation. This method is not as convenient and is also 
more expensive than embryo methods. Besides serving to propagate 
the virus, the inoculation of various animal hosts is important in the 
identification of an unknown virus. This procedure is used in dis- 
tinguishing between viruses which produce similar lesions sudi as 
foot-and-mouth disease and vesicular stomatitis of cattle. In such 
cases calves and horses are inoculated. Calves are susceptible to 
both viruses while horses are insusceptible to foot-and-mouth virus 
but readily contract vesicular stomatitis. 

Habies diagnosis in some cases must be made by the inoculation 
of laboratory animals because Negri bodies cannot always be 
demonstrated in the brain tissue of the infected animal. There are 
many technics and routes of animal inoculation used for virus 
studies. The tj^e of tissue attacked and the animal to be inoculated 
will determine the method employed. 

Viruses which produce encephalitis are usually inoculated in- 
tracerebrally, the pox viruses intradermally and those of the re- 
spiratory gi'oup intranasally. Examples of other types of inocu- 
lation include inoculation into the scarified cornea of rabbits, scari- 
fied epithelium of the mouth and tongue in calves, or the foot pad 
of the guinea pig. 

In poultry, inoculation of live virus vaccines is made into de- 
feathered follicles on the legs, the web of the wing, or in the case 
of laryngotracheitis vaccine, into the cloacal bursa. 

In addition to the above mentioned special methods of inocula- 
tion, the more common routes such as intravenous, subcutaneous, or 
intramuscular injections are used occasionally. 

The materials used for animal inoculation may consist of filtered 
or unfiltered suspensions of organs or exudates. If the materials are 
unfiltered, it is important to add antibacterial substances, such as 
penicillin and streptomycin, to prevent contaminating or associated 
bacterial agents from becoming established. This is especially im- 
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portant in intracerebral inoculations Some bacteria which ore or- 
dinarily considered nonpalhogenic may cause infection when 
directly introduced into the brain tissue of the living animal 

A general procedure for preparation of moculum is as follows 
the infected tissue or exudate is removed from the animal with 
sterile instruments and placed in a stenie container The tissue is 
cut mto small pieces and placed m a sterile mortar An abrasive 
such as sterile alundum (90 mesh) is sprinkled over the tissue which 
IS ground to a paste and then suspended in trj'ptose phosphate broth 
or other bulTered liquid to make a 10 to 20 per cent suspension 
Centrifugation at 3 000 rpm for 3 to 5 minutes will clarify the 
material so that the supernatant can be used in a syrmge for in- 
jection After centrifugation the supernatant fluid is transferred to 
another tube and the antibiotics are added A period of 15 to 30 
mmutes’ incubation at room temperature is allow ed before the mix- 
ture IS mjected However, if the material is collected rclativel> 
free of contamination it can be inoculated immediately into animals 
and chicken embrjos 

Cultivation of Viruses in Tissue Culture There arc many 
technics for the artificial cultivation of viruses The virus to be 
grown and the materials available may modify the technic used 
Most of the methods employ the following ingredients 

1 Tissue cells— avian or mammalian embryonic, adult, or 
neoplastic 

2 Plasma — ^heparinized avian plasma is most satisfactory 

3 Serum—^oUected from the same species as the tissue cells 
used 

4 Tissue extracts — made from chicken embryos or adult 
tissue 

5 Balanced salt solution 


Other ingredients such as ascitic fluid amniotic fluid and 
serom ultra filtrate are sometimes used It is possible to cultivate 
am tis^e cells m a chemically defined medium composed of 
^mo acids vitamins, glucose, and morganic salts The addition 
Tirp<?pnt'^' ^ ^ streptomycm to control growth of any bacteria 

present is standard procedure 

technics which are most often used will he 
s^^d^nttr^p '’f the procedures, the 

the end of this’^^tp^r^ reference books listed at 

vatmg tissue^^^^^'h that the glassware used m culti 

substances Thp ^ ^ i ^ clean and free from film and toxic 
^bstances The chemicals and the distilled water used must be 
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free from toxic ions. The various manipulations of handling tissues 
and media should be carried out in a room which is free from dust 
and air currents. All instruments and other equipment must be 
sterile and handled in such a manner as to avoid contamination. 

Slide Cultures. One of the simplest types of tissue culture is 
the slide culture. This type is recommended for the beginner be- 
cause the culture can be observed frequently imder the microscope 
and its progress noted. Tissue fragments cut with a sharp knife and 
no larger thsin 1 to 2 mm. in diameter are placed on a sterile cover- 
glass and a drop each of heparinized plasma, serum, embryo extract, 
and balanced salt solution is added. The plasma will clot the entire 
mixture and thereby stabilize the tissue on the coverglass. A slide 
which has a deep depression in it is placed over the coverglass so 
that the plasma clot is in the center of the depression. The coverglass 
is sealed and held fast to the slide by a thin film of petrolatum 
applied around the edge of the hollow depression. 

After a few hours in the 37®C. incubator, the culture will show 
evidence of growth (Fig. 42.1). Proliferation and migration of cells 
will be observed around the edge of the tissue fragment. Growth 
of the tissue cells will continue for 2 to 3 days, and then a portion 
of the tissue must be transferred to a fresh medium; if not, the 



FIG. 42.1 — Left. Normal growth in tissue culture of human liver cells. Right. 
Same culture showing cytopothogenic effect after infection with poliomyelitis 
Virus. (Courtesy J. T. Syverton, Univ. Minn.) 


accumulation of waste products of cell metabolism will kill the 
tissue. 

Flask Cultures. Various types of flasks have been used to 
contain cell cultures. Erlenmeyer, Carrel, and Porter flasks are most 
commonly used. A suspended cell culture is quite easily prepared 
by dropping small tissue fragments into a flask contaming a suitable 
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nutrient medium Under such conditions the cells do not proliferate 
to any extent but survive long enough to support virus multipli- 
cation Tissue fragments may be placed m flasks and then embedded 
m plasma clots if desired 

Another common method of tissue culture is the t 5 Te m 
which the cells are grown on the glass surface of the mside of the 
flask For this type of culture, trypsmized kidney cells may be 
used Preparation of the cells consists of finely mmcmg the tissue 
with scissors, followed by treatment with trypsm The action of the 
trypsm is to hberate the cells from the minced tissue particles so 
that uniform suspensions of cells can be prepared In this way 
such suspensions can be standardized so that a uniform moculum 
IS available The suspended cells are transferred mto nutrient 
fluid contamed m flasks The cells will settle to the bottom and 
grow m a smgle layer forming a sheet of cells which adheres to 
the glass surface 


RoUcr-Tiibe Cultures Tissue cultures may be grown m test 
tubes which are rotated during mcubation Tissue explants are 
first placed m the tube and a small amount of plasma or agar is 
distributed over the inside surface of the tube so that the fragments 
remain m place A quantity of nutrient fluid is then added to the 
tube to fill it approximately 1/10 to 1/8 full The culture is then 
placed in a horizontal position m a rotatmg drum at 37®C As the 
tube IS rotated 8 to 12 r p h , the tissue explants are submerged 
m the nutrient medium only a portion of the time Some cells do 


not grow satisfactorily if they are entirely submerged Other cells, 
especially those cultivated through many transfers, will stick to 
the glass surface and will grow when contmuously submerged In 
such mslances rotation is unnecessary 

M^olayer Tissue Cultures In 1952, Dulbecco devised a 
me o oi growth and titration of certain animal viruses which pro- 
duces a cytopathogemc effect (see Fig 42 1) Fibroblasts (other 
ce may be used) obtained from chicken embryos are first gro^vn 
surface of a flask The nutrient fluid 
Sro\vt of the cells is then replaced with nutrient fluid con- 
mont ^ short period of incubation to allow attach- 

wSL a inv" Off and replaced 

rlat™ an adinonal per.ad of m- 

«h.ah are the result 

d luS has been sufficiently 

since It IS assumcd'^thal 'ha original virus inoculum, 

olemcntarj body necrosis results from one 



study of Viruses 673 


De-emhryonated Eggs A type of tissue culture which is made 
by the removal of the chicken embryo from the egg but leaves the 
chorio-allantoic membrane intact is referred to as a de-embryonated 
egg culture To prepare this type of culture, eggs which contain 
13- to 15-day embryos are selected The shell which covers the 
natural air space is removed and the shell membrane over the 
embryo is broken and pulled to one side or removed Sterile forceps 
are used to pull the embryo out of the shell and a pair of scissors 
to cut the umbilical stalk The embryo and all other contents of the 
egg are discarded Care must be taken to leave the chorio-allantoic 
membrane undisturbed in its natural position Several rinsmgs 
with saline or balanced salt solution wjU remove small amounts 
of albumen and other materials which cannot be completely poured 
out Nutrient fluid such as that used for other tissue cultures is 
then added m an amount to fill the egg shell about one-half full 
The virus to be cultivated is then added and the open end of the 
egg covered A paper cap can be cemented on or a small funnel 
can be dipped m melted paraffm and placed over the opening The 
stem of the funnel should be plugged with cotton to prevent air 
contammation The cells of the chorio-allantoic membrane will 
survive in the de-embryonated egg long enough for virus multiph- 
cation Several viruses have been grown by this technic 

Tissue-Graft Cultures Sometimes it is advantageous to graft 
bits of mammalian tissue onto the chono-allantoic membrane of the 
chicken embryo In this manner the tissue becomes implanted onto 
the membrane and is nourished by the embryo, but it retams its 
susceptibility for a particular virus Viruses which do not propagate 
in the chicken embryo tissue may be grown m this way if the tissue 
graft IS taken from a susceptible species of animal Some of the 
pathologic changes produced by a virus can be studied in sections 
of the grafted tissue The preparation of tissue-graft cultures con- 
sists of dropping small pieces of skm, amnion, or other tissues onto 
the chono-allantoic membrane of a chicken embryo The embryo 
IS prepared by cutting out a section of the shell over the side of 
the egg and then “droppmg” the membrane as described later in 
this chapter 

Virus Propagation in Chicken Embryos The chicken embryo 
has been found susceptible to a great many viruses and has 
become most useful m virus diagnosis, research, and m vaccme 
production 

Eggs for the purpose of embryo inoculation should be pro- 
cured from disease-free flocks smce some mfectious agents may 
pass from the mfected hen into the egg Antibodies may be present 
in eggs layed bv recovered birds which will interfere with growth 
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of certain avian \iruscs Eggs from flocks m which the fertility 
rate is high are more satisfactory and economical 

Incubation of the eggs before inoculation is usually 
to 39°C m a regular egg incubator Humiditj should be kept 
at 60 per cent The eggs should be turned at least once or prefer- 
ably twice a day After inoculation the conditions of incubation 
may be varied The temperature of incubation is usually 35° to 
37°C and the eggs are not turned Incubation after inoculation 
may be done in an ordinarj bacteriological incubator 

Eggs can bo hold for several days before starling incubation 
but should be kept at cool temperatures of about 10-12°C 

The length of incubation before inoculation depends upon the 
type of inoculation to bo made and the virus to be cultivated 
For example, inoculation into the yolk sac is usually made in <- 
to 9 day old embryos while chono-allantoic inoculation is made 
on 10 to 13 day embryos The extreme range for inoculations ts 
from 6- to 15 day embryos 

Before eggs are inoculated they must bo examined to de- 
termine that a viable embryo is present This is done b> candling in 
a darkened room After 5 or C days of incubation, the blood vessels 
of the chorio-allantois are readily distinguishable m a fertile egg 
but none are found in an infertile egg which wnll be quite trans- 
lucent 

Technics of Embryo Inoculation The methods of moculation 
are as follows 


1 Chorio allantoic membrane 

2 Allantoic cavity 

3 Amniotic sac 

4 Yolk sac 

5 Intraembryonic 

6 Intracerebral 

7 Intravenous 


The first four methods are m common use and will be de- 
scribed briefly The other three methods require considerable 
experience and skill to perform and are limited to special work 
Chorto allmtotc Inocutaion A number ot viruses grow best 
on the chono allantois the pox group is a good example The 
chono allantoic membrane is useful not only for the isolation 
u -nruses but lesions are formed and can 


m fes ^1 ^ assay the quantity of virus present in unknown 

r,?o tbl oh ot aueh material and moeulatmg 

the le™n^r'° ’"“”'>ranc After a period ot mcubation 

the lesions or pocks are counted and the amount ot vims m the 
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original material is calculated. It is assumed that on membranes 
where the pocks are well separated each lesion origmated from 
a single elementary body. 

Embryos 10 to 14 days of age may be selected for chorio- 
allantoic membrane inoculation In order to moculate onto the 
membrane, a portion of it must be exposed The technic of 
“droppmg the membrane” is ordinarily used This is accomphshed 
by first candlmg the egg and a triangular area of 1 to 1 5 cm is 
marked on the side, taking care to avoid the large blood vessels 
A small electric drill with a suitable cutting disc is used to cut 
through the shell along the lines of the triangle. It is important to 
avoid cutting too deeply so that the delicate chorio-allantoic mem- 
brane IS not injured An moculating needle can be used to remove 
the triangular piece of shell and then with a gentle downward 
pressure with the end of the needle a sht is made m the shell 
membrane A small hole is then drilled m the end of the egg 
through the shell and shell membrane into the air cell By usmg 
a rubber bulb, suction is applied to the openmg m the end of the 
egg As the air is exhausted from the natural air cell an artificial 
air cell is formed over the embryo by the air entering the sht 
in the shell membrane on the top of the egg, thereby separating 
the chorio-allantoic and shell membranes The chono-allantoic 
membrane is “dropped” and the contents of the egg displaced 
into the natural air cell (see Fig 42 2) 

The inoculum is placed directly onto the exposed membrane 
from a pipette or syringe and the openings sealed with melted 
paraffin, collodion, household cement, or cellulose tape Eggs 
inoculated in this manner should be handled carefully and incu- 
bated in a horizontal position so the position of the membrane 
will not be disturbed 

Allantoic cavity inoculation is easily made by driUmg a small 
hole through the shell into the air cell about 3 mm from its 
border The position and extent of the air cell is marked in the 
candler A tuberculin syringe with a 25 gauge % inch needle is 
suitable for this type of inoculation The needle is directed into 
the allantoic cavity by msertmg it through the drilled hole and 
parallel to the long axis of the egg Amounts of inoculum may 
vary from 0 05 to 0 5 ml but 0 2 to 0 3 ml are average for the 
allantoic cavity If the larger amounts are injected, it is advisable 
to drill a second hole in the air cell near the first to allow for 
expansion or some of the inoculiun may leak back past the needle 
Allantoic cavity moculation may be made through a hole 
drilled on the side of the egg, but this may produce injury and 
hemorrhage After moculation the holes are closed and the eggs 
incubated in the same manner as described previously 
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Amniotic sac inoculation is more difficult and detailed than 
either of those already described. One method is to candle eggs 
with 10- to 12-day old embryos and mark the extent of the air 
cell. By using a drill, the entire top of the egg is cut off exposing 
the air cell. A small area of the shell membrane is made trans- 
parent by the application of sterile mineral oil so that the embryo 
can be viewed below. Sterile forceps are used to pierce the shell 
membrane and the chorio-allantoic membrane in order to pick 
up the amniotic membrane and pull it through the opening. The 
inoculation is made into the amniotic sac by injecting through 
the amniotic membrane as it is held in the forceps. Following 
inoculation, the membrane is released and allowed to go back to 
its normal position. The top of the egg is covered with a suitable 
cap of rubber or paper, or a small glass funnel which is cemented 
or paraffined onto the shell. 

Another method is to approach the amniotic sac through 
a “window” cut as for chorio-allantoic inoculation. By using 
transillumination from below, so that the embryo can be 
viewed during the inoculation, the embryo is approached with the 
needle of the syringe. As the point of the needle reaches the 
embryo a short quick thrust will strike the embryo and it will 
move away from the end of thfe needle. The point of the needle 
is in the amniotic sac and the inoculation is then made. The normal 
swallowing movements of the embryo places part of the inoculum 
in contact with respiratory epithelium. Some viruses grow best 
when inoculated by this route. 

Intraemhryonic, intracranial, and intravenous inoculation of 
embryos are not widely used and will not be described here. For 
more detailed description of these and other methods of inocula- 
tion the student should refer to the work of Burnet. 

Following inoculation, embryos are incubated for a period of 
one to six days during which they are observed twice daily for 
evidence of death of the embryo. Some viruses, such as equine 
encephalomyelitis, kill the embryo within 24 hours while others 
kill in 2 or 3 days. Still other viruses grow readily in the tissues 
of the embryo but seldom are they lethal. 

Embryo death is accompanied by collapse of the large blood 
vessels of the chorio-allantois so that they are difficult to see 
upon candling the egg, whereas they are quite distinct while 
the embryo is alive. Normal movements of the embryo are no 
longer observed if the embryo is moribund or dead. 

If the embryo is not dead after 5 or 6 days incubation, it is 
killed and examined for lesions. 

Examination of the embryo should be done soon after death 
or certain lesions may be obscured by post-mortem changes. 
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Some of the lesions and changes which may be induced by 
virus gro%vth are listed below 

1 Embryo death 

2 Hemorrhages of subcutaneous tissues, feather follicles, 
occipital region 

3 Congestion of vessels of the wings and feet or of entire 
embryo 

4 Growth of the embryo is stunted 

5 Tucking of the embryo 

6 Decreased amount of ammotic fluid 

7 Increased amount of allantoic fluid 

8 Thickening and edema of chorio-allantoic membrane 

9 Pocks or areas of leucocytic infiltration often with central 
necrosis (Fig 42 3) 

10 Microscopic lesions 

11 Formation of inclusion bodies 


It is desirable to refrigerate the embryos for four or five 
hours before exammation This will reduce hemorrhage into the 
fluids if the embryo is still alive If materials arc to be saved for 
further passage or for vaccine production, it is important to disin- 
fect the shell with alcohol or tmcturo of iodine before openmg the 
egg so as to avoid bacterial contamination Allantoic fluid may be 
removed by a syringe or pipette directly from the egg by removmg 
the shell over the air cell, then by breakmg the shell membrane 
and the chorio-allantoic membrane beneath Forceps or other 
suitable instruments are used to hold back the embryo and its 
membranes from obstructmg the end of the pipette or syrmge 
Followmg the removal of fluids the embryo is removed from the 
shell in order to detect gross lesions Various portions of the 
embryo or the extra embryonic membranes may be collected for 
microscopic sections 


Observation of moculated chorio-allantoic membranes is ac- 
wmphshed by cutting away the shell over the artificial air ceU 
^e exposed membrane may be removed by cutting it at the 
border with a pair of scissors Lesions m the membrane may be 
more clearly demonstrated by floatmg .t on salme m a Petr, dish 
which is placed over a black background 

^ ^ before reinoculation. 

Although some viruses will 
storaffp It I ^ months when stored in the ordinary refrigerator, 

Lyophihza- 

o£ viruses ^“cuo is also recommended for preservation 
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Cultures, aerobic and anaerobic, should be made of all embryo 
materials harvested since many species of bacteria may produce 
lesions or death of embryos which may simulate those produced 
by viruses 

It should be pointed out that up to 10 per cent of the deaths 
m embryos may occur from nonspecific causes. Deaths due to such 



FIG 42 3 — Chorio allantoic membrane lesions, natural size A Herpes virus 
B. Virus B C. PseudoTobies virus, early passage. D. Late passage pseudorabies 
Virus, showing primary and secondary foci. After Burnet, Lush, and Jackson, 


causes must not be confused with those produced by viruses Pas- 
sage of material from such embryos will fail to kill on second 
transfer. 

Some viruses fail to produce lesions m the first passages so 
several “blmd” passages must be made in order to estabhsh them 
in embryos 
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Serological Methods. The viruses are good antigens and rcadil> 
stimulate the production of antibodies The detection of specific 
antibody to a virus by various serological technics is useful not 
only for the diagnosis of virus infection but also for the identifi- 
cation of an unknowTi virus by reacting it uith knowm immune 
serum The discovery that a number of viruses t\ill agglutinate 
erythrocytes m the absence of antibody has added a \atuablo tool 
in the study and identification of viruses 

The serological methods commonly employed m virus studies 
are as follows 


1 Agglutmation and precipitation 

2 Complement-fixation 

3 Serum neutralization 

4 Virus neutralization 

5 Protection tests 

6 Hemagglutmation and homagglutination-inhibition 

7 Cytopathogenicily m tissue culture 


Agglutination and Precipitation It has been shown that viruses 
may be sensitized by specific antibody and m the presence of an 
electrolyte the virus particles chng to each other formmg aggre- 
gates which can be seen by cither microscopic or macroscopic 
exammation The mechanism m this case is not difTcrent from that 
already described as occurring with bacteria (agglutmation) or 
with protem molecules (precipitation) Since the size of viruses 
IS mtermediate between the bacteria and protem molecules, neither 
erm wi precisely fit the condition of virus flocculation m the 
presence o immune serum The term flocculation which is more 
mcluswe might be appropriate The term agglutmation is most 
nf owever, and is a valuable aid to the identification 

of their antibodies The 
becaiitjp til ° ^ antigen for agglutination tests is often difficult 

thTrn ^ oi animals rather 

m^t b. f ? '^tigens The vums 

Zr “ P0=s.ble from the host cells 

The antieen ls ct ^”,1 followed by recentnfugation 

out TT^„T «■<> ogglutmahon techn.c carried 

onLls ^Wlxhnauon testmg rv.th bacterial 

ways’" H Se'vr,'“"t ' 'k-ontary bodies la useful in two 

IS available an unknown hand, if known immune serum 

unknown vims ean be identified by this technic 
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So far only a few viruses such as vaccinia and varicella have 
been studied by using agglutination technic 

Soluble antigens of vaccinia and influenza have been identified 
by precipitation procedure 

Complement Fixation There is little basic difference in the 
technic of complement fixation usmg viruses as antigens than that 
employed with bacterial antigens Virus antigen for this test is 
obtained from mfected animal tissues, such as lung or bram, or 
from the tissues or fluids of mfected chicken embryos The exact 
technics of preparation of viral antigens are too diverse to be de- 
scribed here The complement-fixation procedure is otherwise the 
same as described m Chapter 11 

Complement-fixation tests are useful in detectmg the presence 
of antibodies in serum by employmg a known antigen or for the 
identification of an unknown virus by usmg known antibody 

Neutralization Tests Neutralization tests are quite useful in 
virus studies and are more often applied than flocculation or com- 
plement-fixation procedures There are two neutralization technics 
employed serum neutralization (SN) and virus neutralization 
(VN) 

Serum neutrahzation tests employ known virus to which 
unkno^vn serum is added If antibodies for the virus are present 
m the serum, the virus will be neutrabzed or rendered non- 
infective The technic for neutrahzation tests will vary accordmg 
to the virus to be used The amounts of virus, the amount of 
serum, the test animal, and the route of inoculation employed 
must be modified to suit the conditions necessary for virus growth 
and to obtain satisfactory end-pomts The basic prmciples of test- 
ing are in general the same and may be illustrated as follows 

1 Prelimmary titration of the mfectivity of the virus is 
necessary to determme dilutions to be used A wide 
enough range of dilutions are used so that 100 per cent 
survival as well as 100 per cent mortality will be deter- 
mined 

2 Equal volumes, usually 0 2 to 0 3 ml , of each virus 
dilution and known negative serum are mixed 

3 Equal volumes of each virus dilution and immune serum 
are mixed 

4 Incubate the mixtures 30 minutes at 37°C 

5 Inoculate 5 or 6 test animals or chicken embryos with 
a dose which should be infective as determined in the 
prelimmary titration Twice the volume of inoculum will 
be necessary to account for the dilution by the serum 

6 Inoculate an equal number of controls with each virus 
dilution which contains no serum 
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7 Observe the animals or embrjos for lesions or lethal 
effect and calculate the amount of virus neutrahzed by 
the serum after determining end points of reaction 
For comparison purposes, end points of 50 per cent death 
(LD 50) or 50 per cent infectivity (I D 50) arc usually calculated 
Reference to Table 421 shows the virus killed 50 per cent of the 
embrjos or animals when diluted 10 ' or 1 to 10 million In other 


TABLE 421 

HYTOTHmcAt Scrum Ncutralizatios TYst 



onemal virus suspension contained 10 million UDj, 
miSure ak •>«> "o^mal scrum 

So wer^n 1 1 . V" *" “ ’• '•’■>"‘"8 that 

li^smmed wiit. "o™”’ «™m for the virus The 

h this e;s^1we r "eutraliaation of the virus by the serum 
LDso’s by the immiTe^ reduction of 10 million LD,„’s to 1 000 
neutralized S'S^OOOO LD^s had been 

similarTo the one'^*'° V, oonducted in a manner 

'''“'ZZT T '”'’™ ‘hTv^L'untao™'"’'^*'”" 

logical ^VSed'm’fc'^s'mdy'’" ’r'd “"'’O”®’' "“t strictly sero- 
which can be used to n j “I* ■dontification of those Viruses 

- also empCd‘’f::S:tr4Tm“’'“^"'= This procedure 
vaceme products ® many commercial serum and 

active or pass°ivninii^uL.ty'’m''~ ‘’'o Production of either 

challenge dose of the virulent which is followed by a 

neutralization test '0™= K is m a way. an m vivo 

Pon of a vmiT is to ‘denlifica 

viruses the three equine encephalomyelitis 

a ="ries‘^^‘^rp. ■’’^Pf from all three types and 

— . ra developed are^rer^^br-L^^^^ 
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virus which has been isolated from horse brain and is suspected 
of being one of the three. 

In. the example given in Table 42.2, the unknown virus would 
be identified as western equine encephalomyelitis since the animals 
immunized with vaccine prepared from known western virus were 
resistant to the challenge dose while the others, including the 
controls, were not. 

Commercial products, such as rabies and hog cholera vaccines, 
are routinely tested for potency by using them to produce active 


TABLE 42.2 

A Hypotketicai. Pbotection Test for toe iDENnncATjON of Equine 
ENCEPHA tOMYELlTJS ViRUS 


Immunized 

Guinea Pigs 

Given 

! Virus Dilution Used 

10-=* 

10-" 1 

io-» 

10- 

10-* 

Eastern type vaccine 

5* 

5 1 

2 

1 1 

0 

Western type vaccine 

1 

0 i 

0 

0 1 

0 

Venezuelan type vaccine I 

5 

5 1 

3 

0 1 

0 

Controls 

5 

5 1 

3 

1 1 



• The number in each space represents the number of animals killed, five 
were inoculated. 


immunity in test animals which are then given challenge doses of 
the living virus. 

The passive immunizing property of anti-hog cholera serum 
is tested by injecting it in graded doses into a series of susceptible 
pigs simultaneously with a challenge dose of live hog diolera virus. 

Virus Hemagglutination (HA Test). Hirst, in 1941, observed 
that agglutination of the chicken embryo erythrocytes occurred 
when they mixed with amniotic and allantoic fluids provided these 
fluids were high in influenza virus content. Subsequent research has 
shown that many viruses will agglutinate the erythrocytes of the 
adult fowl and certain mammals. Hemagglutination has become 
a valuable test for the presence of some viruses and also can be 
used to show the quantity present in a given fluid. 

The mechanism by which a virus may agglutinate erythrocytes 
is not completely understood. It is known that virus hemagglutina- 
tion differs from hemagglutination by antibody. It has been theo- 
rized that erythrocytes possess receptors which attract virus 
particles. The union of the virus with these receptors alters the 
properties of the erythrocytes so that they agglutinate. Hemag- 
glutination by influenza virus has been studied in some detail, 
others to a lesser extent. A number of properties and character- 
istics of virus hemagglutination may be listed. 
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1 Ability to produce hemagglutination rests \Mth the virus 
particle itself in most cases 

2 Hemagglutination by variola and vaccinia is produced by 
a product of the virus rather than the elementary body 

3 Union of virus and erythrocyte is not stable After a 
period of time, the vims leaves the red blood coll and 
IS again present in the suspending fluid This is kno\vn 
as elution of a vims 

4 Following elution of the vims, the agglutinated cells fail 
to adhere to each other 

5 Red blood cells from which a virus has been eluted 
cannot be reagglutmatcd by the same vims, but may be 
agglutinated by an unrelated vims 

6 A vims killed by formalin retains its hemagglutinative 
property 

7 Heat inactivation reduces or completely destroys hemag- 
glulinalion depending upon the temperature and duration 
of treatment 


lAUbK 42J 


Source o! 
R£C 

Newcastle 
of Fowl 

Fowl 

Pest 

Swine 

Influenxa 

Vaccinia 

Chicken 

Man 

+ 

+ 

+ 





+ 

+ 

Sheep 


+ 

— 

X 

Rahbit 



— 

2: 

Guinea pig 

+ 

+ 

- 

— 


can be gu.te acrur^^r Ld hemagglutmat.on 

cHhe virus doubimg dilutions 

pipette for each dilution After ^ ^ ^ separate 

cytes IS added the tnii suspension of washed erythro- 

at room tempeW“^^^ ‘>-cn allowed to stand 

the results can be read^^T. occurs and 

to 75 minutes If agBlutmatino'''™'* '"cubation is usually 40 
with curling at the c^r^m 

tube Absence of agclutmafir. hserved m the bottom of the 
‘he very bottom of f e m " 

Rapid HA tests are useful a found “button” 

the presence of certam viruses ° Presumptive lest for 

may be done on a slide 0 ^^,“,®!"’’?'° ^he rapid test 

to 2 drops of embryo fluids and ^ addmg equal volumes, 
erythrocytes If a fairly hivb “ auspension of washed 

hemagglutmatianwiIlbL^dmrr“n'“‘°“ Pf“cnt 

evident usually withm one mmute 
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TABLE 42.4 

A SA.?.tpLE Hemaccwjtination Test 


Dilution 1 to I 

El 


m 


■Bil 

HI 


ESI 


5,120 

ml. of I 

each virus I 

dilution. 

ml. of 0.25% 1 

.5 1 

1 


I 

1 

.5 1 

5 I 


.5 j 

1 

5 

washed chicken 
R3.C 

J5 

B 

H 

B 

.5 1 



.5 

H 

.5 

hemagglutination 

+ 

1 + 

[ d* , 

1 +1 

+ i 

+ 

! + 1 


I - 1 

t - 


+ r= hemagglutination; ~ =s no hemagglutination. Hemagglutination titer 
is 1:1,280. 


Hemagglutination Inhihition (HI). The discovery that certain 
viruses would agglutinate erythrocytes was promptly followed by 
the observation that antibodies to the virus would inhibit the 
reaction. HI tests have been a convenient method of detecting 
the presence of specific antibody in the serum of infected, or 
convalescent individuals. Furthermore, by diluting the serum, the 
comparative amount of antibody can be determined. 

Although the serum from infected or recovered individuals 
will inhibit hemagglutination and also neutralize the virus, there 
is evidence that these reactions are the result of separate anti- 
bodies. 

The virus antigen used in the above test must be titrated 
accurately by using the HA test previously described. A satis- 
factory amount of virus for the test is 20 hemagglutinating units 
to be contained in the .5 ml. which is added to tubes 3 to 10 
inclusive, A hemagglutinating unit is the smallest amount of virus 
contained in .5 ml. of saline which will completely agglutinate the 
erythrocytes in .5 ml. of .25 per cent of suspension. Reference to 
Table 42,4 shows .5 ml. of the 1: 1,280 dilution to contain 1 hemag- 
glutinating unit of virus. Therefore .5 ml. of 1:64 dilution of the 
original virus null be used in the test. 

Forty units of virus should be added to tube 2 to keep the 
amo^t of virus constant in each tube. Tube 1 is a serum control 
to check the red blood cell suspension. If agglutination should 
occur in tube 1, the serum should be absorbed first by the 
erythro^es to remove the natural hemagglutinins and then re- 
tested. Tube 10 and 11 are controls on the virus and red blood 
cell suspension respectively. 

It should be noted that interference with hemagglutination may 
occur which may be due to one of several factors: 

1. Chemical contamination of tubes or ingredients, acids for 
example. 

2. Inhibitory substances in tissue extracts. 

3. Peculiarities of R.B.C,'s from certain individuals. 
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4 Hoat-labile components of scrum 

5 Bactonal enzymes and toxins 

G Species mcompatability between RBC used and serum 
tested 


TABLE 425 


ASauple HzMAcctimxATiov-lMfmnov Test 


■■i 

1 

2 

3 1 

4 

5 1 

1 ^ 

1 7 

8 

1 ^ 

lio 

11 







i 


I 

5 

Virus ml 



m 

0 

B 

5 

WM 

wa 

n 

B 


0,259e washed 
R.BC ml 

5 : 

1 

B 

B 

i 

5 

Bi 

B 

■ 

B 


Final dilution of 
scrum 1 to 

10 

20 

40 : 

m 


320 1 


B 

HES 

fl 


Positive 

scrum 

B 

B 

■ 

m 

B 


■ 

B 

m 


■ 

HU 

■ 

i 

B 

E 

i 

1 

1 

■ 

■ 

B 

I 


+ hemagglutination, — = no hemagglutination 
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Classification of Viruses 


Progress in the systematic classification of viruses has been 
limited by the technical difficulties encountered in their study. 
Specific morphological and physiological characteristics which 
could be used to determine the relationship of one virus to another 
have been more difficult to obtain than with the bacteria, and it 
is xmlikely they will ever be obtained to the extent of the bacteria. 

A system which has been of limited value in the classification 
of animal viruses is based on their tissue specificity or the patho- 
logical changes they produce. The one generally used is as follows; 

1. Dermotropic viruses — ^those infecting the superficial epi- 
thelium. 

n. Neurotropic viruses — ^those infecting the nervous system. 

III. Organotropic viruses — those infecting particular organs 
or systems- 

IV. Viruses inciting tumor formation. 

In the past, the common names of viruses, such as hog cholera 
virus, have been taken from the diseases with which they are as- 
sociated. Few proposals of family, generic, or species names had 
been, made until Holmes published, in 1939, a classification and 
nomenclature of the phytopathogenic viruses or plant viruses. 
This system was extended by Holmes to include all viruses and 
was published in Bergey’s Manual of Determinative Bacteriology 
in 1948. Although this classification is not yet complete and will 
be modified as new data are determined, nevertheless it is the first 
real attempt at virus taxonomy. 

The animal viruses as classified by Holmes are in many cases 
incomplete, and important references wluch contain essential char- 
acteristics are missing. Some of the well-established animal viruses 
such as equine influenza, vesicular exanthema of swine, and con- 
tagioxis ecthyma of sheep are not classified. Infectious bronchitis 
of chickens is a disease which is not classified separately, this 


r«7] 
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name appearing under laryngotracheitis At one time, the name 
infectious bronchitis was applied to the disease later known as 
larjngotracheitis, as well as to the disease now known as infectious 
bronchitis In the early 1930’s the two diseases were distinguished 
from each other Recent work on fox encephalitis and canmc 
hepatitis has shown these diseases arc caused bj’ the same virus 
Sompolinsky has suggested that since this virus infects more than 
one organ of the body, it should be transferred from the genus 
Tarpem to Tortor, and Holmes (personal communication) has 
agreed This would seem to be a step in the right direction if the 
classification is to be generally adopted and useful If those who 
are actively studymg the viruses and those interested in their 
classification will constructively criticize and suggest changes and 
additions to Holmes’ work, a more satisfactory classification will 
be forthcoming 


There are those who predict that considerable opposition to 
Holmes classification will prevent its acceptance Some virologists 

nfde 1 p" ■^l^sification because of 

inadequate knowledge of the viruses themselves 

workers others, including some 

Tcord wuh 1 "ho are in icneral 

niseaTe ''assification of these agents 


for the oS.«? a ?’ tho animal viruses 

without 1 for this tent is not 

be pomted out thaTth's“f oriticism is anticipated It should 

the most obviourcharacSi^m‘'’oC '^[“"‘hootion is pathogenicity- 
their pathogenicity that thp^ ^ viruses It is only through 
contrast to the bacteria of recognized This is m 

known are parasitic so’rbai- ^ ^ species 

tion are used for classifirai °ther than disease produc- 

obligate parlites na^ " ^^mam as 

fundamental criterion for Xlr^'ro^o^rot’''’''"'^’^ 

and textbooks ol Senowl*"(* Periodical literature 

latest edition of Bergey’s Manual «se the nomenclature of the 
although It IS not bmding to do -gn Bacteriology 

book on virology would cpi-ta i u author of a modem text- 
this classificatm" and ‘f did not recognize 

gestions by Va'n hy Packer and with sug- 

In the discussion "£ u,r“="“^ helow 

various viruses m the succeeding 
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chapters, the scientific as well as the common names will be used 
but the use of the common names will predommate 

ORDER VIRALES 

Suborders 

I Infectmg bacteria Phagmeae 

II Infectmg plants Phytophagineae 

III Infectmg animals Zoophagvneae 

Family of 

1 Diseases of insects only Borreltnaceae 

2 Diseases of pox group Borreliotaceae 

3 Diseases of encephalitis group Erronaceae 

4 Diseases of yellow fever group Charonaceae 

5 Diseases of infectious anemia group Trtfuraceae 

6 Diseases of mumps group Rahiilaceae 

Genera and Species of Family Borreliotaceae 

Genus Borrehota — pox group 

Borreliota avium fowl pox 

Borrehota vanolae smallpox 

Borreliota suis swine pox 

Borrehota ecthymatis contagious ecthyma — sheep 

Borrehota martnorans ectromelia — mice 

Genus Scehis — herpes group 

Scelus recurrens herpes febrihs 

Scehis suillum pseudorabies 

Scehis beta virus B 

Scelus tertium virus III — rabbits 

Scehis iilceris ulcerative dermatosis — sheep 

Scehis bouiniim erosive stomatitis — cattle 

Genus Hostis — foot-and-mouth disease group 

Hoshs pecons foot-and-mouth disease 

Hostis equtnus equme vesicular stomatitis 

Hoshs exanthematis vesicular exanthema — swme 

Genus Mohfor — wart group 

Mohtor uerrucae common warts (human) 

Mohtor homims moUuscum contagiosum (human) 

Mohtor botus cattle warts 

Mohtor bitccahs canme oral papillomatosis 

Mohtor turnons rous sarcoma — chicken 

Mohtor gingivahs rabbit oral papillomatosis 

Mohfor si/lvtlagi rabbit papilloma 

Mohtor mi/xomae rabbit myxomatosis 



The Genus Borreliota— 

the Pox Group 


The generic name Borrehota is derived from the name Borrel, 
the name of the man who discovered the elementaiy bodies of fowl 
pox, and iota meaning the smallest thing 

Members of this group infect the surface epithelial layers of 
the slun producmg lesions which progress from papule to pustule 
to scab formation followed by healing 


RELATIONSHIPS OF ANIMAL AND HUMAN POX VIRUSES 

of pox lesions m various animals, similar in 
sideraMe^ o' smallpox of man, has stimulated con- 

fnox m *'''= ^“'“““■“hip of pox m animals 

manreornoT 1 f P^^lom to solve but 

contradieto^ H 

this suhiect Mmt nf'^il, Uisoughout the years of study on 
the followmg ohser^ahoL"’ thTT “’’f"’' resulted concerns 
man can he> tT-ar, r j virus from smallpox lesions of 

sin^wLmntrth^i^ioTT^'^ => 

the serial passage of either human” 

except the natural hntst i, animal pox virus m animals, 

properties to form vaccma^lh ^ "tonification of its pathogenic 

are closely related immunologmalW Vrom'th 

point the theory has been ^ J ? evolutionary stand- 

may have originated from ''®"ced that all of the pox viruses 

came ParticufaTy IdaptdT/*™^' -h-h »- 

T^ere are other hosts and man 

primitive virus because v suggest that variola is the more 

hy passage A n™bee „r u”“‘ -^^veloped from variola 

he l.ted on «hmh tee J iSw Viruses may 

1 Variola cm-sii Seneral agreement 

2 Variola is readily tSirferaWeT'^'h ° J’‘‘'’’“Ren of man 

the cornea of a rabbit monkeys or 
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3 Variola may be transferred to various animals such as 
the cow, horse, sheep, and pig but usually is difficult to 
establish at first Adaptation is more certain in these 
hosts if one or more primary transfers are made in rabbits 
or monkeys 

4 After serial passage of variola in animals it is converted 
to vaccinia 

5 It IS possible to convert sheep-pox and horse-pox virus to 
vaccinia by passage m other species of animal 

6 Vaccinia is readily transferable from animal to ammal by 
artificial inoculation but usually does not spread under 
natural conditions 

7 Naturally occurring sheep pox, horse pox, and cow pox 
are caused by a distinct strain of virus in each case al- 
though they share antigens in common with vaccima 

8 Vaccinia is quite easily transferable to man in whom it 
produces localized infection whereas variola is usually 
generabzed 

9 Both fowl and swme are susceptible to vaccmia 

10 Fowl-pox virus bears no antigenic relationship to vaccinia 
or variola 

11 Certain strains of swme pox aie antigenically distinct from 
vaccinia 

In summary, it appears that under natural conditions each 
animal species is infected by a separate stram of pox virus By 
artificial inoculation these strains are mtertransmissible to all 
hosts Vaccmia is a “laboratory virus” converted from certain of the 
naturally occurring strains by animal pasage Cross-immunity 
occurs among all strains Fowl-pox and swme-pox viruses, how- 
ever, are distinct from those found in other animals and cannot 
be converted to vaccinia 

Borrefiofa avium 

Common Name Fowl-pox virus, also turkey pox, pigeon pox, 
and canary pox 

Disease Produced Fowl pox, avian diphtheria 
Hosts Affected Chicken, turkey, pigeon, canary, duck, goose, 
guinea fowl, pheasant, and sparrow 

Properties of the Virus The elementary bodies, which are 
coccoid-shaped, are approximately 250 mji m diameter (see Fig 
44 1) They often are referred to as Borrel bodies Aggregates of 
Borrel bodies often occur m the lesions and are called Bollinger 
bodies Digestion of the Bollinger body with 1 per cent trypsm 
releases the elementary bodies 
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Tlie fowl pox virus will pass through the coarser grade filters, 
such as Berkefeld V, but falls to pass finer grades. It is killed by 
60'^C m 8 minutes or 56®C. in 30 minutes. Storage of the virus 
at 0 to 4°C. m dried material retains its viability for 2 years. 

The following chemicals are reported to inactivate the virus 
m 10 minutes’ exposure: 1:500 sodium hydroxide, 1:1,000 crystal 
violet, 70 per cent ethyl alcohol, and 1:400 cresol. 

Phenol m 3 per cent concentration kills in 30 minutes but not 
in 10 minutes. Formaldehyde, 3 per cent, docs not kill by exposure 
for 20 minutes; 50 P.P.M. of chlorine and 1:400 tincture of iodine 
are reported effective against fowl pox. 

Three or more strains of fowl pox virus are responsible for 
natural outbreal« of the disease among various species of fowl. 
Fowl pox virus is found in chickens and is probably the same in 
turkeys.^ Pigeon pox and canary pox are strains which produce 
disease m pigeons and canaries respectively. All three strains are 
immunologically related and ore intertransmissiblo by artificial 


In nS ff'"" on® ’’W 

'"“™'j"i0" on'o ‘I*® epithelium of the 

S it urnn' ■non'beene of ehicken embryos 

hmne buf ,h “'‘o''®" "8. ®'J®n>e. ond necrosis of the mem- 
eStur’es con nl '"JT" ^ *0 ®"''>®y°- Tissue 

Trnn™\ ■ ^ P®0P®S®‘® the virus of fovd poK. 

mow b?™“m'’^o?t'''”'‘ •''“u '>'■ o'’5'®‘* ®°"‘®"’- 

predisposes to infcclio^Tn'facl iThr '''® ®P‘'''®’*“” 

for the initiation of fowl pox Wt! ^ I ^-^Ported essential 

flies have been shown mosquitoes and biting 

intramuscularly or intraven^^T'^ Artificial inoculation, 

transmission droplet 

and pharynx. cases of pox infection of the mouth 

disease is more p^itlemt"?'! 

rates are usually low h,,t !!. u winter months Mortality 
ever, losses from decreased ^ j 

may be considerable Death.: S production and loss in weight 
lesions in the mouth, pharynx orW ° birds having 

type is called avian diphtheria r\ ’ sinuses Infection of this 
on the feet. The course of Ih^H lotions will be seen 

Pathological Ch^^ ° runs 3 to 4 weeks 

proliferation of the surface 'emTheri ®haracter.ced by the 
epithehal structures followed by 



FIG 44 1 — Elementary bodies of fowl pox shadow cast with chromium 
X 80 000 (Courtesy Van Rooyen and Rhodes Virus Diseases of Man Thomas 
Nelson Sons New York, 1 948 ) 
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The fowl pox virus will pass through the coarser grade filters, 
such as Berkefeld V, but fails to pass finer grades It is killed by 
60°C m 8 minutes or 56°C m 30 minutes Storage of the virus 
at 0 to 4°C m dried material retains its viability for 2 years 

The followmg chemicals are reported to inactivate the virus 
m 10 minutes’ exposure 1 500 sodium hydroxide, 1 1,000 crystal 
violet 70 per cent ethyl alcohol, and 1 400 cresol 

Phenol in 3 per cent concentration kills m 30 minutes but not 
m 10 minutes Formaldehyde, 3 per cent, does not kill by exposure 
for 20 mmutes 50 P P M of chlorine and 1 400 tincture of iodine 
are reported effective agamst fowl pox 

Tluee or more strains of fowl pox virus are responsible for 
natural outbreaks of the disease among various species of fowl 
Fowl pox virus is found in chickens and is probably the same ut 
turkeys Pigeon pox and canary pox are strains which produce 
disease m pigeons and canaries respectively All three strains are 
-.ertran^missibt bfarTTficial 

where it produces thicke^g 'edTmT‘’rd" 

brane but the virus usually .s nTL^l rr”" I T™ 

cultures can also be used 1 , ^ embryo Tissue 

Transnussion. Cortirt ° rrr P'”' 

mated by them may transmit the eontam- 

predisposes to infection m fact !t epithehum 
for the initiation of fowl pox Jn.:^ reported essential 

flies have been shown to transmit ^ niosquitoes and bitmg 

intramuscularly or intraven™, i « '’*rus Artificial moculation, 
transmission is pcssSreToT Droplet 

and pharynx “f P<»= uifect.on of the mouth 

Characteristics of the Dis 

throughout the world, attacking occurs widely 

disease is more prevalent m adult birds The 

rates are usually low, but maur u 'vinter months Mortality 
ever, losses from decreased ^ How- 

may be comiderable Deaths^of. n 

lesions in the mouth pharynx orbit ' a" having 

type IS called avian diphtheria Oe' Infection of this 

on the feet The course of Cd — 

Pathological Changes. The le 3 to 4 weeks 

proliferation of the surface eo«rr, characterized by the 
cp«hebal structures followed by 
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degeneration The basal layer ol cpifhelmm is usually undamaged 
unless secondary bacterial invasion occurs Cells of the lldected 
area become swollen and exhibit vacuoles m which Bollinger 
bodies can he demonstrated Healing takes place usually without 
scar lormatioTi 

ImiTivuiity Recovery froirv an. attack of fowl pox results m 
vmmuiuty Artificial immunization is practiced m certain areas, 
especially those in which the disease appears quite regularly each 
year There are two products in genera! use, pigeon pox vaccine 
and fowl pox vaccine 

Pigeon pox vaccine is prepared by inoculating the virus into 
defeathered follicles in young pigeons or by propagating it on the 
chono allantoic membrane of chicken embryos The material har- 
vested for vaccine is either preserved m 20 per cent glycerin or 
IS dned The dried vaccine can be kept viable several months and 
IS diluted just before use 

Fowl pox vaccine may be prepared by growing the virus on 
the comb of young cockerels or on the chono allantoic membrane 
of chicken embryos These materials are harvested then dned 
and stored They are prepared for use by diluting m water 

Pigeon pox vaccine produces less reaction m vaccmated birds 
«o IS usually recommended for use m laying Bocks Fowl-pox 
vaccine is used in young birds before they come into production 
and it IS considered to produce better immunity than pigeon pox 
vaccine The vaccines are appbed hy subcutaneous inoculation 
into the shank (stick method), by brushing the vaccine into de 
feathered follicles, or by piercmg the web of the wing with a needle 
dipped m the vaccine 

Diagnosis The lesions on the comb awd viattles. Mawelly 
so characteristic that they alone are diagnostic However, when 
lesions are present m the mouth pharynx, or orbit diagnosis may 
be more difficult In these cases traiamission of material from the 
lesions to susceptible birds or chicken embryos will produce typi 
cal lesions if the disease is fowl pox Bollinger and Borrel bodies in 
the infected tissue may be demonstrated microscopically Agglu- 
ti^tion of Borrel bodies is occasionally used as an aid to the 
identification of the virus 


Borrefiofo voriefae 

Smallpox vmis vanola, vaccinia, and espe 

ho«o ''f "'f '"fvet fte cow, shcel 

horse goat camel and swine 

horsf POX, sheep po: 
horse pox, goal pox camel pox and swine pox 
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Hosts Affected. Man, cow, horse, sheep, goat, camel, monkey, 
swme, and experimentally the rabbit, guinea pig, dog, buffalo, and 
chicken 

Properties of Virus. The elementary bodies measure approxi- 
mately 225 mp and are eoccoid in shape Smallpox elementary 
bodies are often termed Paschen bodies Inclusions consisting of 
collections of elementary bodies are found in abundance in in- 
fected tissue These have been termed Guamien bodies Various 
stams such as Giemsa, methylene blue, or carbol fuchsm, and many 
special stains can be used to demonstrate these bodies The variola 
virus IS filterable through Berkefeld V, N, and W, and Chamber- 
land L 3 but not through the Handler type There is considerable 
ahsorpbon of the virus by most filters Filtration of vaccmia 
material through Seitz pads allows the passage of soluble antigen 
into the filtrate The soluble antigen is not infective but is floccu- 
lated by antivaccimal serum Two portions of the soluble antigen 
are distmguishable, “L” which is labile at 56°C and “S” which 
IS stable at 95°C 

Thermal inactivation of the virus occurs by exposure to 
for 20 minutes The vuus is preserved at freezing temperatures for 
prolonged periods It has been known to survive in dried crusts for 
over one year Ultraviolet rays rapidly destroy the virus Both 
vaccmia and variola may agglutmate chicken erythrocytes, how- 
over, the erythrocytes from different individual chickens may vary 
m their agglutmability Hemagglutmation occurs best at 37°C 
Cultivation Animal inoculation is one of the metho^ o 
cultivation Monkeys are quite susceptible to variola Inoculation 
ut the scarified cornea of the rabbit (Paul’s test) is used Repeated 
transfer will adapt variola to other animals such as calves Vac- 
cinia can be propagated m nearly all animals, but calves are com 
monly used for vaccine production 

Vaccinia can be cultivated by intratesticular inoculation Cer- 
tain strains of vaccinia have been converted to neurovaccinia by 
rain to brain passage m rabbits ,, 

The chorio-allantoic membrane of the chicken em ryo wi 
support a good growth of either variola or vaccima Growth ot 
‘f'c virus on the membrane produces thickenmg. edema, leucocytic 
'"filtration, and necrosis, and may or may not be lethal to the 
ornbryo 

The virus can be groivn successfully m tissue cultures 
Transmission Smallpox is transmitted usually b> con ac 
V'th mfected individuals or contaminated fomitcs, but also by drop- 
"l® from the respiratory tract ,, 

Characteristics of tlie Disease Smallpox has occurred in a 
'“'ts of tlie teen knoivn throughout the ages, often 
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m serious epidemics causing many deaths General 

has reduced the incidence to a very low figure m the United States 


and European countries 

The animal pox viruses and diseases, as far as known, are not 
significantly different from variola to warrant complete separate 
descriptions of the virus Some of the characteristics of the com- 
mon animal pox diseases ‘wiH given 

Com poa: This disease is world-wide in distribution and occurs 
enzooticaUy mostly m dairy cattle Cow pox is always a local in- 
fection on the udder and teats It may be caused by either cow 
pox or vaccinia strains which have been shown to differ anti- 
genically hy Downie Lesions are indistinguishable, but the cow 
pox IS believed to be the naturally occurring strain Pox m cows 
has been observed shortly after the vaccination of persons milk- 
ing them Cow-pox virus is tranSTnissible to man and produces 
immunity agamst smallpox as has been shown by the classical 
work of Jenner Cow-pox lesions usually heal leaving no scar 
Ordinarily the disease is considered quite benign but occasionally 
predisposes the teat to the entrance of mastitis organisms Im- 
munization agamst cow pox is not practiced m cattle 

A disease condition in man, known variously as “milker’s 
nodules,” “milker’s warts,” or paravaccmia, which occurs on the 
hands and arms of people who milk cows, has been described 
The disease resembles cow pox and vaccinia but has been dis- 
tmguished from these by Botmevie and also Findlay and Haig, who 
isolated a virus by chicken embryo moculation which is distinct 
from vaccinia 

Horse poi Horse pox is also known under the names contagious 
pustular dermatitis, and “grease heel” The virus attacks the 
buccal mucous membrane, skin of the lips and nares, producing 
vesicles, papules, and pustules The virus also attacks the skin in 
the pastem-fetlock region and occasionally over the back where the 
saddle or harness may abrade it Ulcers and pustules are produced 
in these regions The virus may he transmitted by contaminated 
brushes, combs, saddles, and harness as well as other contaminated 
materials Horses are susceptible to inoculation with vaccinia, hut 
the natural cases are believed due to a specially adapted equine 
virus 


Sheep pox Pox in sheep is a more severe disease than cow 
pox or horse pox Sheep pox is accompanied hy fever and general- 
ized symptoms m addition to eruptions of the skin In these respects 
the disease more closely resembles human smallpox than do the 
other animal poxes Although sheep are susceptible to vaccinia, 
and sheep are ^ m some countries for vaccine production, sheep 
pox IS caused hy i distmct stram of virus In some instances sub- 



Borreliofa 699 


stantial death losses have been recorded, ^e disease does not occur 
in the United States. Transmission is by contact and has been 
shown to he air-horne. Lesions appear most y on the ^ 
devoid o£ wool such as the udder, teats, scrotum, and around the 
eyes. Immunization is practiced in some countries. 

Goat pox. A pox disease occurs in goats which closely re- 
sembles sheep pox. It is found chiefly in Norway. -ruine 

Sioine pox. Tivo viruses which produce pox lesions m swme 

are described. One is closely related to the ''f 

the other is apparently unrelated antigenicaUy and has a limited 

™ccinia-like swine-pox virus has 
breaks of the disease in Europe and Japan. e re a 
the virus in these reports is indicated by its f % 

rabbits and immunity to it which is co^erred by ^ 

seen more freque'ntly in young pigs, esions | £ I 

typical of the pox diseases starting with a small red “ 

lowed by vesicle and pustule formation, 'tte erup ions 
the mouth and pharynx and occasionaUy 
account for some deaths. Skin lesions become ac , 

followed by healing if uncomplicated by *®”®\^^*“^stinct 

Trans4sion is by contact and by the hog louse. The distmct 

swine-pox virus is described below. 

Borreliofa suis 

Common Name. Swine-pox virus. 

Disease Produced, Swine pox. , . 

Hosts Affected. Only s%vine are naturally ^uscep 
virus. The rabbit, horse, calf, sheep, dog, cat, mouse, , g 
pig, rat, and man are insusceptible by direct 

Properties of the Virus. Little is knoi™ of 
of this virus. It is reported to pass Berkefeld an Primary 

Cultivation. The virus can be cultivated m pigs- Prima^ 
isolation can be made by inoculation ‘f 

membrane of chicken embryos. Lesions produced are yp 
the pox group of viruses. The embryo is not kiUed. 

Transmission. Swine pox is transmitted by contact and pos- 
sibly by flies mosquitoes, and hog lice. 

Characteristics of Uio Disease. Outbreaks 
to this virus have been reported in Europe an m , 

States (Iowa). It occurs in young pigs and is 
occasional outbreaks. Lesions arc found in the skin ^ 

and over the sides and back. There is usually hemorrhage into 
‘ho lesion, producing a dark center. The infection may ^road to 
’"•■'ny pigs in a gro^ which are in close contact. The infection is 
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usually rret severe enough to prorlucc death losses “"’SterSt 
cated by other mtcctions, but may account for reduced weigh 
gains tor a short period 

Pathological Changes Lesions on the undcrlme are typical 
of the pox diseases passmg successively through papule, vesicle, and 
pustule iormatioti The lesions on the back are not as character- 
istic These develop into small, hard, smooth elevations which 
become encrusted and soon drop od 

Immunity. Immunity results from havmg rccotcrcd from the 
disease Artificial mmmunization is not practiced No cross-im- 
munity IS produced against the vacclnia-hke swine-pov virus 

Diagnosis The disease is usually diagnosed by the character- 
istic lesions It IS diflcrcntiatcd from pox produced by vaccinia- 
bke virus by cross-immunity tests and by determining the host 
range 


Borrehota ecthymatis 


Common Name Ecthyma virus 

Disease Produced Contagious ecthyma, contagious pustular 
dermaliUs, and sore-mout.h 

Hosts Affected Sheep, goats, man, and possibly the rabbit 

History and Distribution Although contagious ecth>Tnn of 
sheep had been known many years previous, Aynaud was the 
first to describe the virus m 1923 The disease is widely distnbuted 
m the sheep raising areas of the United States, Australia, Europe, 
Great Britain, and Africa 

Properties of the Vims The ecthyma virus is comparatively 
large, probably being nearly the size of vaccinia Elementary 
bodies have been observed with the li^t microscope by staining 


The virus will pass the Berkefold V filter with difficulty, but is 
retained by Berkefeld N and W, Chamberland La, and Seitz types 
It will pass through the Mandler (6-9 lb ) if the diluent used is 
adjusted to pH T 6 hut it is retamed by this filter if the pH is 8 2 
As with vaccinia the digestion of ecthyma-infected tissue with 
trypsin is often necessary to liberate the elementary bodies from the 
tissue cells before filtration of the vims is accomplished Ecthyma 
vims IS quite resistant to desiccation Observations are recorded 
m which the virus remamed viable for 4 years, 8 months m one 
mst^ce and for ItVz years m another A temperature of 56®C 
for 30 minutes kiUs the virus but material held at SS'’ for 20 minutes 
remams infective 

the Of oclhyma has been transmitted to 

a^d t,T ’ *0 ■■obb.t Gumea pigs, dogs, 

and calves are not snsceptMe Attempts to cultivate the vnus on 
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the chorio-aUantoic membrane of chicken embryos have been un- 

"^Mssion. Ecthyma is spread by contact irfected 

sheep Transmission from the ewes’ udder to the mouth of suck 

Img lambs and vice versa may occur nf cheen 

Characterbtics of the Disease. Lesions of ecthyma of sh^P 
usually appear on the lips but are also frequent ^ 

band of the feet Occasionally lesions are observed on o^er Parte 

of the body such as the udder, teats, the 

Young annnals are most susceptible and ^ 

disease because they cannot eat or nurse without 

and this results in severe loss of weight and ^r^tmess Foot les 

cause lameness in infected animals Older animals 

form of the disease Death losses are low 

terial infection is serious or screw worms attack ^ted^are^^ 
Spher Tiecrophonts or Staph aureus are usua y fnmq noted 

bLerial coXlications There are nox in 

in uncomphcated cases of ecthyma differmg o 
this respect The duration of the disease is ?nf LoTen 

Man IS susceptible to ecthyma viru^ an a n usually 

cases of the disease have been reported The es 
on the hands, arms, or fingers, occurrmg m cu about 6 

disease is not serious and complete recovery occ 
Weeks t v 

Pathological Changes The successive 
served m ecthyma are papule, vesicle, pustu e, an 
These changes are analogous to the changes see 
oases In some cases there are prohferative 
footed areas of the lips giving nse to pseudo-papiUomas 

Immunity. Recovery from ecthyma is 
manent immunity ArtiHcial immunity is ,he ^ab 

m many sheep-raismg areas Live vaceme propped ^ 

material of artdicially infected sheep is used ^e ^JP 

plied to the scarified skin of the medial a^ect of the thigh Lesmn 
mdicatmg a “take” of the vaceme should appear m 
after vaccination. . , 

Cross-immumty tests show that strams of 
Vanous countries are antigemcally homologous and no mlatio^ 
ship to vaccmia, sheep pox. or ulceraUve dermatosis can he dom^ 
onstrated Complement-fixing and neutralizing a 
been demonstrated m the serum of immune ammals 
Diagnosis A diagnosis of ecthjuna is based on the 
et U-pical lesions on the bps and feet or lips "’e"' “"f./ 
cnt.at.on of the virus from Sech.s ..Icons bj cross-.mmun.t> tests 
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Elementary bodies have been demonstrated m some cases ot 
ecthyma in stained preparations of exudate 


Borrel/ofa marmorons 


Common Name Ectromelia virus 
Disease Producetl Mouse eclromelia Mouse pox 
Hosts Affected White mouse Experimentally the rat and 
chicken embryo 

History and Distribution Eclromelia is a disease of laboratory 
mice which has been described in England. The first descriptions 
of the disease and the virus were by Marchal m 1930 

Properties of the Virus Direct measurements from electron 
photographs of the virus show it is 130 to 140 m|i m size It is 
filterable through Berkefeld N, Chamberland L^, and Mandler 
filters The virus is mactivated if heated to 55®C for 30 minutes 
It remains viable for 6 months m a dried state, for 2 months if 
frozen at — lO^C and for at least 5 months if stored in 50 per 
cent glycerin Borreliotu mamvorans is resistant to 1 per cent phenol 
for 20 days but is killed by 40 days’ exposure 

Ectromelia virus will produce hemagglutination of fowl eryth- 
rocytes The hemagglutinm m this case is a soluble substance 
which can be removed from the elementary bodies The hemag- 
glutmation occurs best at 37®C and there is no evidence of 
elution of the virus from the erythrocytes In these respects 
ectromelia closely resembles the hemagglutmating properties of 
vaccinia Sera from mice which have recovered from ectromelia 
will mhibit hemagglutination by vaccinia virus 

Cultivation Borreliota marmorans has been successfully prop- 
agated m tissue cultures which employ mouse embryonic tissue 
The virus can also be grown on the chorio-allantoic membrane of 
chicken embryos on which it produces small opaque foci If the 
embryos are meubated at 36 to 37®C death occurs m 3 to 4 days, 
whereas the embryos survive if meubated at higher temperatures 
Inclusion bodies can be demonstrated from the lesions of the 
membrane 

Transmission The virus of ectromelia is transferred by con- 
tact wath mfected mice 


Characteristics of the Disease. The mfection is charactenzed 
by lesions m the skm usually on the feet They begin as localized 
swelhngs which become moist then dry with scab formation and 
separahon of the skin by a hne of demarcation between the 
i^ccted and nomnfected areas There is also mottling of the 

l^Lfv demonstrated in skin 

lesions Young mice are most susceptible 
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Immunity. Specific immunity follows recovery Mice which 
have been vaccmated with vaccmia virus are refractory to ectro- 

melia virus , , , 

Diagnosis A diagnosis of ectromeha is made by the appear^ce 
of the typical lesions and by transmission of the virus to other 
mice and to chicken embryos Demonstration of hemagglutinins 
for avian erythrocytes and agglutinins for elementary bodies is a so 
used 
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The Genus Scelus— 

the Herpes Group 


The genus name Scelus comes from the Lat 
means rascal. Members of the herpes group m uce e „gntral 
which are vesicular in character, but involvement of the centra 

nervous system may occur. 

Scefus recurrens 

Common Name, Herpes simplex. , , , 

The virus Scelus recurrens causes fever ^ 

sores” of man. It does not cause natural disease “ 
rabbits, guinea pigs, mice, and cats have been “e 

fected. The virus can be grown on the chorio-allantoic membrane 
of chicken embryos and in tissue cultures. 

Sceius suilfum 

Common Name. Pseudorabies virus. , l 

Disease Produced. Pseudorabies, Aujeszky s disease, mad itch, 

infectious bulbar paralysis. , 

Hosts Affected. Cattle, swine, brown rats, dog, ca^ horse, 
sheep, and, rarely, man. Experimentally the 

mouse, monkey, chicken and chicken embryo may ^ bv 

History and Distribution. Pseudorabies was 
Aujeszky in Hungary in 1902. The etiologica g .ji^ease 

to be a virus by the work of Schmeidhoffer “ 
occurs sporadically in many parts of the wor . United 

ported in Europe, British Isles, South America, and the United 

^^“‘propcrties of the Virus. The elementa^ bodies 

« being 100 to 150 m,i in size. No information *= 

ing the morphology of the virus. It is preserve nulmonary 

glycerin stored at 0°C. for several years. In fluid P 

edema it is viable after 797 days’ storage m a refrigera . 

nt 55-00=0. for 30 to 50 minutes. 70= for 10 minutes, 80 for 3 

[ 705 ] 
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minutes destroys the virus and at 100° the virus is killed instantly 
Phenol m a 5 per cent concentration ^^lll destroy the virus m 2 
hours 1 per cent m 15 hours, and 03 per cent in 61 da>s One per 
cent sodium hydroxide destroys the virus immediately Putre- 
faction destroys the virus in 11 days 


Cultivation Animal passage in rabbits by skin or cerebral 
moculation can be used to propagate the mtus Tissue cultures 
which employ rabbit or guinea pig testicular tissue will support 
growth of pseudorabies virus Chicken embryos can be infected 
by various routes of moculation and pock lesions are produced 
when the virus is inoculated onto the chorio-allantoic membrane 
(see Fig 423) The egg adapted virus may be lethal to the em- 
bryo, killing it m 3 to 5 dajs after inoculation, but recently isolated 
strains may fail to kill or do so irregularly 


Transmission. Transmission of pseudorabies m cattle usually 
takes place when the virus is introduced into the injured skin 
or mucous membrane Shope and others have called attention to 
rats md ^mc as dissenunalors o£ the virus, these hosts being 
readily infected by feeding Shope has also drawn particular at- 
tention to the presence of pseudorabies virus m the nasal secre- 
tion of swme and to the fact that the secretions are the usual source 
r “M’e Dogs and cats have been 

teTs cVcT, r r disease foUoiving the consumption of infected 
^lon nu™l Commercial hog cholera virus used for unmuni- 
retion purposes has been contammaled with pseudorahies virus 

a prod~'”' ‘He ^rof 


relat“?“ “'iL^'dfer of 

zi: ^SdTgT^H^ of s:-rrorL°r*i 

detected The disease is seldo^TlT'^'^^'^^'^ usually not 

infected hogs a definite ™ Hut m artificially 

observed Local paralysis may res' iTae^' “““ppetence is 
muscularly In other animals injected mtra- 

of skin infection which is ' uirense itching at the pomt 

gnawmg or rubhmg These svmoto"'''™''^ mutilation by 

and laboratory animals that th characteristic m cattle 

■Hsease MaiS isS» oteS,"® considered dmgnostic of the 
^mals so It is confused SSies" “ther 

hn been used In the final stages of thS "I”" P=0“‘‘“cahies 
e bram and the ammal becomes n the virus mvolves 

co™ and death The tmis hS^ Paudyzed This is followed by 
in laboratory workers However th H-om human infection 

duration. fim disease is mdd and of short 
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Pathological Changes. There are no characteristic pathological 
lesions in pseudorahies. The kind and extent of lesions depend 
upon the animal species infected and the duration of the disease. 
In animals with skin infection, the lesions may mclude ^yperemia 
edema and necrosis which are usually ‘Jccompamed hy severe 
traumatic lesions. Depending upon the duraUon of 
there may he meningitis and perivascular, leucocy ic in 
of the brain tissue. In sheep and swine pulmonary edema may be 
observed. 

Immunity. Resistance apparently follows recove^ “ 
Neutralizing antibodies have been demonstrate m e se 
large numbers of swine. A majority of the samples of commercial 
anti-hog cholera serum tested by Shope showed the presence of 
neutralizing antibodies for pseudorabies. 

Artificial immunizing agents are not used for the prevention 

of this disease. , , , ^ 

Diagnosis. The diagnosis can be made in cattle sheep ^d 
laboratory animals from the symptoms of m ense i ^ g-„g 
skin. In swine, and as confirmation in other hosts, suhcuteneous 
inoculation into rabbits is employed. Rabbits which 
subcutaneously with pseudorabies material shou e • _ j. 

teristic symptoms of intense pruritus in 3 to 7 days i 
present. 


SceJos beta 

Common Name. Virus B. 

Disease Produced. Encephalitis. _ 

Hosts Affected. Man, captive monkeys, and, expenmen a y, 
guinea pigs, mice, rabbits, and chicken embryos. , ^ . 

History and Distribution. Virus B was first iso a e , 

fatal case of encephalitis, patient B, a laboratory wor e ^ „ 

been bitten by a monkey. Only 3 human cases of this dise^ 
been reported, all of them fatal. Isolations of t e virus , 
central nervous system and from kidney tissue o . 

been reported. So far the disease is found only m the Umte 

Properties of tlie Virus. B virus is approximately 125 mp m 
and is filterable through Berkefeld V and N ^ 

Chamberland U filters. The virus can be preserved m 5“ ^ 

Blycerin, by storing in dry ice at -70°C. or by lyop“.on 
Scclus beta is an^enically related to herpes and pseudorabies 

viruses. . 

Cultivation. Scclus beta can be cultivated on *0 chono- 
“hantoic membrane of the chicken embryo where it 
pocks similar to those of Scclus rccurrcns and Scclus suillt . 
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The virus «u else be propagated .n tissue cultures and will 
produce a cytopathogenic effect m the cells of the . 

Transnision. The virus occurs m the saliva of some monkeys 
and IS transferred to man by bitmg Other hosts arc infected only 
W artificial inoculation 

Pathological Changes and Characteristics of the Disease 
Vesiculopustular lesions appear at the site of the monkey i es, 
followed by lymphangitis and lymphadenitis A week later menin 
goencephalitis develops followed hy death There is a o oca 
necrotic lesions m the spleen adrenals and lymph nodes Intra 
nuclear mclusions are described m experimental infections 

Immunity Neutralizing antibodies can be demonstrated from 
the sera of some normal monkeys Artificially infected monkeys are 
immune followmg recovery from the infection 

Diagnosis A diagnosis of virus B infection would necessitate 
isolation of the virus and its diflerentiation from other viruses 

Scelus iertium 

Common Name Virus III 

Disease Produced Virus HI infection 

Host AilectecL Domestic rabbit 

History and Distribution- Virus 111 was first described by 
Rivers and Tillet m connection with attempts to infect rabbits with 
chicken pox virus of man At first these investigators thought they 
had transferred the chicken pox virus to rabbits but later found 
they were propagating a virus which was latent in the rabbits and 
did not produce lesions until it had been concentrated by sue 
cessive passages 

Properties of the Virus Scelus tertium is filterable through 
Berkefeld V and N and Chamberland L-* candles It is inactivated 
at 55®C in 10 minutes The virus is preserved for 6 weeks in 
50 per cent glycerin and for 16 months when frozen and dried 
Cultivation. Cultivation of virus HI is by inoculation 
of rabbits or m tissue cultures employing rabbit testicular tissue 
Transmission. The injection of filtrates of diseased tissues or 
in some cases blood and tissues from apparently normal rabbits 
IS the source of the virus 

Characteristics of the Disease After 4 to 6 days meubaUon, 
anorexia, emaciation diarrhea and fever result Reddened spots 
papules appear m the skm Recovery occurs m a few days 
the disease bemg non fatat 

in mfertion is possiUe only ky 
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Scefus ulcen’s , 

Common Name. Ulcerative-dermatosis virus, lip-and-leg u - 
ceration, balano-posthitis. posthitis, and ulcerative vulvitis 

Hkto^atd^DSution. Ulcerative dermatosis has been 
knoivn toTccur m sheep m England smce 1894 and 
m Montana by Knowles m 1907 In these e^ly 
term “hp and leg ulceration” was used to denote 
and Spher necropJiorus was beheved to be he f 

Tumclift and Matisheck in 1941 proved the etiological agent be 

^“properties o£ Virus. The size and shape of 
known, but it is filterable through Berkefeld m massage 

Cultivation. This virus is cultivated artificially only y P 

m sheep rnntact With infected 

Transmission. It is transmitted by comaci 

tissues and from the ram to ewes by breeding .-fp-t, nnlv 

Characteristics of the Disease. The Scelvs ulcens i^ecte orJy 
the surface epithelial structures produemg ulcerations of the bps, 
mterdigital space and pastern area, vulva, md P[®P“'=® 
and destructmn of the aP'thehum occur The ulcer winch are 
produced often require several weeks to heal T 
fatal but lameness, unthriftiness, and breeding difficulties may 

result 

Pathological Changes The basic Penological -^ang^s 
those of tissue destruction and ulceration followed by surface scab 

formation and slow healmg p.nfe 

Immunity. If immunity follows recovery, it fpmmX 

the disease has been observed more than once m the 
Artificial immumzmg agents are not used for t e prev 

Diagnosis Usually a clmical diagnosis of ulcerative 
>S made This condition must be differentiated from contagious 
ecthyma of sheep, which it closely resembles, by conduci S P 
bon tests usmg ecthyma vaceme m one group and 
group unvacemated If Scelus vlcens is maculated mto hot 8 P > 
both will show infection On the other hand if those 8>ven coth^a 
vaceme show no lesions following moculabon an . „ -„5 

group becomes infected, the virus in question is that of contag 

ccth5nna 

Scefus bovfnum 

Common Name. Erosive-stomatitis virus 
Disease Produced. Erosive stomatitis of cattle 
Hosts Affected. Cattle Insusceptible guinea pigs, rabbits, mice, 
^d sheep 
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History and Distribution Erosive stomatitis of cattle was first 
described m South Africa by Mason and Neitz This disease was 
encountered m 1938 immediately following an outbreak of foot- 
and-mouth disease while cattle of the area surrounding the out- 
break were subjected to frequent mouth inspection. Erosive stoma- 
titis IS apparently localized in the original South African area of 
Natal However, a similar disease described in Ireland is called 
Armagh disease, but there have been no direct comparisons of 
these two viruses 

Properties of the Virus. Hie size of the erosive stomatitis 
virus has not been determmed, but it is knoim to pass filters which 
retam common bacteria The virus will remain viable for 21 days 
in a refrigerator or 6 weeks if frozen 

Cultivation. Scelus bouinttm has been carried through 4 pas- 


sages on the chono-allantoic membrane of chicken embryos 

Transmission. The erosive stomatitis virus is probably trans- 
mitted by contact Experimentally it is transmissible by moculation 
mto the tongue or dental pad of calves 

Characteristics of the Disease. Erosive stomatitis of cattle is 
a very tndd disease of young cattle The infection is localized in 
the mouth, there bemg no foot lesions or generalized symptoms 
as seen in foot-and-mouth disease of cattle Infected animals show 


no excessive salivation and the disease would not ordinarily be 
observed unless the cattle were carefully and frequently examined 
Pathological Changes. The lesions on the dental pad, tongue, 
and lips are at first pearl-like The area becomes elevated with a 
reddened border and contains a grayish material Within a day 
or so these areas become eroded and then quickly heal 

Immunity. Immunity to the erosive stomatitis virus has not 
Men studied to any extent However, calves which have recovered 
from experimental moculation are susceptible to a second exposure. 

Diagnosb. Ulcerative stomatitis is diagnosed by provmg the 
presence of a virus m the lesions by moculation of calves and by 
ite difEerentiation from other stomatitis viruses by animal mocula- 
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The Genus HosHs- 

the Foot-and-WkouYh Disease Group 


The ceneric name Hosfis comes from the Latm, meaning enemy 
or stranger Members of the genus produce lesions of the skin end 
mucous membrane which are characteristically vesicular in nature 


Hosfis pecoris 

Common Name. Foot-and-mouth disease virus 
Disease Produced. Foot-and-mouth disease, aphthous fever 
Hosts Affected. Cattle, swme, sheep, goat, deer, huffalo, and 
'rarely man Experunentally the guinea pig, rahhit, hedgehog, 
rat, and young mice may be infected The guinea pig and white 
mouse are used in experunental studies of this disease 

History and Distribution. The first disease of animals proved 
to be of virus etiology was foot-and-mouth disease and was de- 
termined by Loeffler and Frosch In 1897 these investigators 
showed that bactena-free lymph collected from infected animals 
could be used to transmit the infection and, in the following year, 
that the causative agent of foot-and-mouth disease could be passed 
through filters which retained bacteria The disease has occurred 
in all parts of the world and is still endemic in many countries It is 
completely controlled in the United States and Canada by vigorous 
eradication methods Nine outbreaks of the disease were recorded 
m the United States between the years 1870 and 1932 A serious 
outbreak occurred in Mexico m 1948 and a limited one in Canada 
in 1951 Australia and New Zealand have remained free of the 
disease 

Properties of the Virus The elementary bodies of foot-and- 
moudi disease are the smallest of the animal viruses They are 
approximately 10 m}i in size 

Micheketi has reported that the virus of foot-and-mouth 
disease will agglutinate the erythrocytes of the rat and that this 
reaction is inhibited by specific unmune serum 

T^e virus is killed by exposure to 85°C for 1 mmute and 70®C 
lot IS minutes but not at GO^C for 15 minutes 
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Foot-and-mouth disease virus remams , 

of time in frozen meat products It it quite resistant to aging and 
drying It will remain infective one month on infected hair, 
?:TLnL on hay and grams, and for one -n* or more - 
the soil In one mstance the survival of the virus was demonstrated 

on a farm 345 days after an outbreak 

Hostis pecons is comparatively resist^! to che^cal dism 
fection Exposure of the virus to mercuric c on e ’ 

per cent cresol solution fads to kill the virus m 6 hours It also 
resists 1 per cent phenol for 5 months and 70 per 
2 to 3 days Although the virus is resistant to *-0 
is easily destroyed by alkahes, 1 per cent so lum rommonlv 

It witlL one mmute Therefore, sodium hydroxide is commonly 

used for disinfection following outbreaks o t e wVnnh 

There are three classical types of the virus A O, and C w^ch 
are immunologically distmct Several ^ 

have been described In South Africa, types S A T 1, 2, and 3 hav 

been identified an 

Cultivation. The cultivation of Hostis paeons is 
comphshed by the inoculation of scarified areas o . 

mucosa and tongue of calves or by foot-pad inoculation of ^mea 
pigs Sucklmg white mice are quite susceptible and ^ 

fill m conducting titrations of f°°t-and-mouth disease a 

for serum neutralization tests It is also possible to 
virus in tissue cultures which employ bovine kidney ce 
hal Ussues taken from either bovine or guinea pig 

A cytopathogemc effect is produced m the cells *0 ffss^ 
culture as a result of the growth of the virus ^ ^ 

that all three strains of foot-and-mouth isease vi , 

adapted to grow m chicken embryos if they 

grow m tissue cultures and day-old chicks ^ cultures 

adapted to chicken embryos directly from bovine t^sfi- 
without first adaptmg it to day-old chicks Virus m *0 25th e^m 
hryo passage was found to be nonpathogemc or 
stimulate immunity . , . 

Transmission root-and-moutli disease is qui ® 
tagious, especially among cattle Dilutions o , ° Vesicular 
' irus-containing material have been found in - . , sinccs 

fluid and saliva contain tlie most virus, but 

the blood, milk, urine, and feces also contain i _,_^<„tl food 

fected animals and especially the ingestion o ‘ ^ place 

end vater transmits the disease Indirect infection 
h> contact with inanimate objects of various n ' faci'li- 

penctrate the intact mucous membrane, but Its en • 

fakd b> abrasions Artificial inoculation bj almost any rout, 
result m infection. 
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TranEimssion of tho disease is complicated by the fact that 
some chmcally recovered animals may harbor the virus for some 
time and act as reservoirs of the infection , , , , , 1 , 

The sources of the virus in the outbreaks of foot and mouth 
disease m the United States include imported cattle, ships gar 
bage contauimg meat scraps which was brought ashore and fed 
to hogs, contaminated straw and hay brought from foreign coun- 
tnes and imported smallpox vaccine in the form of calf lymph 
Characteristics of tlic Disease Foot and mouth disease infects 
all cloven hoofed animals and occasionally other animals, but it 
rarely infects man The disease is characterized by the formation 
of vesicular lesions in the mouth, on the muzzle, m the inter- 
digital space and coronary band of the feet, on. the udder and 
teats of cows, and the snout of swine The virus may also infect 
the parenchyma of the mammary gland resulting in complete 
loss of function 

Upon entry of the virus mto the body, one or more primary 
vesicles are formed and often they are not observed The virus gams 
entrance to the blood stream from these primary vesicles and 
la distributed to all parts of the body localizing chiefly in the shin 
and mucous membranes producing a large number of secondary 
V csicles 

Losses due to foot and mouth disease may be quite high m 
young animals but m older animals deaths are usually 5 per 
cent or less However losses due to emaciation debility, reduced 
milk flow, and complicating conditions may be considerable 

Pathological Changes The formation of vesicles on the buccal 
mucous membrane and tongue vs followed by ulceration erosion, 
and healing Lesions of the feet are similar to those m the mouth 
being first vesicular and then ulcerative The lesions of both the 
mouth and feet are accompanied by swelling redness and pain 
which account for lameness and reluctance of the animal to eat 
and move about In tho malignant form of the disease there is 
mirkcd myocardial degeneration which results m many deaths 
In young animals 

Immunity Immunity begins to develop m about 6 days fol 
lowing the onset of mfecUon and plays a defmite role in re 
TOvery Such immunity ls variable m duration but usually lasts 
O'" ‘hat there are three antigenic 
‘"Oivory Irom an attack by one 
or 1 another Monovalent bivalent, 

cittle immunity m 

” 1 in 1 “nTin*' ‘h' which pre 

tail in tho local!., Tbe v,n« tor vaceme production is propa- 
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gated by moculaUon of the aleaTan" 

fluid and epithelium are collect d , .1 „i,,™inum hvdrox- 

mixed with formalin to kill the virus, and 

ide which adsorbs the virus The vaccine mus be ^^^y pre^ 
pared and handled up to the time it is used 
mmistered subcutaneously, but an intradermal product 

" ""Swescent and hyperimmune serum ^av^proved valuable 

in treatmg the malignant form of mfelon 

also useful in exposed animals to prevent a 
although local vesicle formation occurs in anim j 

Dmgnosis The characteristic appearance 
mouth and feet usually narrows the possibihties to ^ 

™.,. I. .h. u»..a to. ,™ j 

m a vesicular disease of f ^ three or four 

considered Determmation of the hos g Tn,„,„ species used 
species of animals is the first step m diagnosis 
in such a test and their susceptibility to the three viruses are pre 

sented in Table 46 1 


table 461 , , 

Host Range or the Vuhises Photocing Vesicveah Lesions 


Cattle 

Swme 

Horses 

Guinea pigs 


-h-t-l- 

-1-+ 

— 

++ 


-1-1- 

++ 

-1-+-*- 

+4- 

Vesicular exanthema 


+-I-+ 

± 

rs immimized 


Confirmatory 
'Vith a known vims 


Complement-fixaUon teste ^lefuUn thlTapid Met^nhation 
by Bankowski and Kummer to be usef 

of the vesicular viruses .tistinBUishme foot-and- 

Dilferential filtration may aid m „l™pntarv bodies 

mouth and vesicular stomaUtis vuruses smce and-mouth 

of the latter are about 10 tunes the size “ ^ 7j“‘7“eTult.- 

disease virus The fact that 011 th disease virus 

vated in chicken embryos and the foot-and-mouth dmease viru 

cannot is useful m diagnosis , r i. m^ntTi disease 

It has been shotvn that the virus o 
wiU regularly produce typical lesions foUmvmg ,^y,ar sto- 

oculation into a susceptible calf while -onsidcred of im- 

matiUs fails to do so This fact, also, must be considered 

portance in diagnosis 
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Cross immunity or complement-fixation tests must be made m 
order to determme whether the outbreak m question is due to strain 
A, 0 or C 


Hostis equinus 

Common Name Vesicular-stomatitis virus 

Disease Produced Vesicular stomatitis, pseudo-foot-and-mouth 
disease 


Hosts AlTected Horses, mules, cattle, and swine Experimen- 
tally sheep, goats, guinea pigs, and man. Occasionally cats, rats, 
and rabbits 

Ifctory and Distrihution. Vesicular stomatitis was first ob 
served m South Afnea m 1884 by Hutcheon. It was first reeognized 
as occuiTing m the Umted States by French vetennanans who 
CaoTi "> France from the Umted States and 

m^otrad““® diagnosed m horses 

have ocL3 =”<1 

Cotton 

was 

stomatitis are rod shapT^M vesicular 

through Seitz and BeAefeld flUers” filterable 

at 58«C for 30 mmutes ^activated 

dore?n7n:ScttvTt” o\r;er ^ — 

cholera vaccme production nrystal violet as used m hog 

recognized the N7™e2ey 'and^d ™'=“’“'-^“'natis virus 

rs'h^e-CnteriT^ 

” CuTtfJh” virur"‘"''°" 

foot pad moculation. Tissue'^°7lur^ll™'^ i*" guinea pigs by 
cultivation. Inoculation of vesicular 

ohono-allantoic membrane of Ih ®‘°™i‘titis virus onto the 
BVO'VA of the virus and de"th of r ™ ""'’"5'“ “ 

n^JhooTeu""'"'”'^ •■'^-CsTiay'^roWrf 

5:^=^-7::ntaiIS:S"otrfr - ‘^ansm.tted by 

i^ti rHl £ --^:a— 

"£ flin ibsease Abrasions of the 
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mouth greatly favor the entry of the 
and Roberts have 

thatthevmrsc^betransmrUed by ^ 

Characteristics of tlie occasionally be 

manly pathogenic for horses an , ’ m the United States 

found in cattle and swine It “ *^^fea i^cettle and swine 
although It was first described m South Afric jjsease from 

the teease closely resembles usually 

which It must be differentiated Vesicular f 
quite bemgn Complete recovery ^ which there 

the onset of symptoms except in ^ vesicles The vesicles are 

SS, „d s.b„ h... a.— j S;: 

ties of Hostis equimts m guinea pigs 

cies are not known to occur m other anima s change 

Pathological Changes. Vesicle 

noted The vesicles rupture and erosion of the jhelium in 

follows These eroded areas are covered with new epithelium 

the same type of virus Artificial *^"^®„“gphble to foot-and- 
Diagnosis Since the horse is n ee usually not 

mouth disease, the diagnosis of vesicu ar s °™ ^ ^ jh horse 
ddficult in the equme, although it has been confused with ho 

If the disease is confined to cattle or ’langr diff^entd 

It be accurately identified In such mstances > 

filtration, and emhryo inoculation procedures 
realkalmization teohmc of Pyl whic ^ pecans 

the virus material to pH 3 and return to pH 7 5 kUls no 

hut not Hostis equinws 
Hostis exanthematis 

Common Name Vesicular-exanthema virus 
Disease Produced Vesicular exanthema 

Hosts ARected. Swme Horses hamsters 

types Some strains have been shown to be pa 

Cattle, sheep, and gumea pigs are not suscepti ° 

History and Distribution Vesicular vears 1932-33 At 

served in California in garbage-fed swme >" ^ ^ treated 

rnst. 1932, It was diagnosed as foot-and-mouth 
»s such The following year it was «=='>8nmed as a Moren^ 
disease hy Traum and the name vesicular exanthema sug 
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gested Six years after the first outbreak of the disease it re- 
appeared and spread in California infecting approximately one- 
fourth of the swine of that state Other outbreaks have been re- 
corded since 1939-40, but none occurred outside the state of Cali 
forma until 1952 when the disease spread to many states 

Properties of the Virus The virus will pass Berkefeld N 
filters Four types of the virus are differentiated immunologically 
A, B C, and D 

Accordmg to Madm and Traum, the vesicular exanthema virus 
IS approximately 14 to 22 mp m size The virus is also reported by 
them to remam viable at ordmary refrigerator temperatures for 
tv o years but not for three years Virus remains viable for six 
^ 7 ?^ temperature, and for twenty-four hours at 

7 C The virus is non infective after fifty-four hours at 37°C 
Cultivation CulUvation of vesicular-exanthema virus has 
usuaUy been carried out by the moculation of swme Some strama 
have been grown m hamsters by mtradermal inoculation. Tissue 
tb. ^ ““posed of swine embryo tissue ceUs have supported 
the “ oytopathogemc effect is produSd by 

Vesicular exanthema is transmitted by 

^:;t°UnLrdTal“ -~ed 

been the source of the* oft™ 

mammate 0^^0013 tmd b^^e “ “™od by 

farm ‘ “ '’5' going du-ectly from farm to 

arc almost identol 'to ffioS* of^'T^ °d o^nthema 

vesicles appear on the snout m the ‘ ™d mouth disease The 

band, mferdigital space and ’diEilal ““ond the coronary 

odder of nursing ‘f ^ *0 £=ot, also on the 

sometimes shed Death losses ’^me and the hoofs are 

Recovery follows after the vesiclra ^ '™opt m suckling pigs 

prera?;r;ri? oft^rZrLlfm ad'viS 

has been used by Madm and Traum '=*Po™ontal vaccine 

t’-osnosis. An^i moculaw ■^’'“O'^OEmg results 

Siwne and horses am <^08- 

shm IdT '^o'od cases and^ft^ “oculated with vesicular 
houM show lesions w.Ui.„ « hour^ 

, ‘'-es and guinea n,v. present Smee 


hut am'*"'' f '“8= O'o “kuso^iuh™!'''”’' Present Smee 
also as test animals Posits equtnus. thev 


equtnus, they 
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The Genus Molitor- 

the Wart Group 


The generic name Molifor comes from the Latin, meaning 
contriver Members of this group produce lesions of the epithelium 
characterized by proliferation without vesicle or pustule formation 

Moftfor verrueae 


Common Name Common wart virus 
Disease Produced Warts 
Hosts Aflected. Man 

‘fansmiss.ble but have a long 
mcubalion penod o£ one to twenty months They are usually 

mumtv m ?h spontaneously AcTu.rrd !m 

have 41° ‘"‘f'onsht to play a part in recovery Vaccines 

man to ^ Ire warts of 

have been reported transt4ab^rth°^“' warts of man 

not been eeXmld “ but this has 


Molifor homlnis 

i:~£r===” 

disappear sponmreouriy'*Hmlnte”'‘'l,°a®^°'^^ *" which 
- contained m large ^S^rSdil:^- “^ 10 "^ 

The virus IS not transmissible to animals 
Molitor bovis 

Common Name Cattle 

--eapigaandmanareinsu^— 


I7J0J 



Molitor 721 


History and Distribution. Cattle warts apparently 
countries. Royere. in 1902, was able to transmit 
warts o£ cattle, horses, and dogs ^ 

to transmit cattle warts by usmg Berkefeld hltrates 

"'“‘Spertics of the Virus. The 

any extent. It is know to pass through Befefeld N fflters 
Cultivation. Molitor bonis is artificially 
and hLes. The virus has been adapted to grow m chicken em- 

''’^“Ln.smission. It is believed that warts are 
with infected animals or objects contaminated y 
to the skin favor the establishment of t e ec in 

Characteristics of the Disease. Warts are 

young cattle, especially in ^Tions. often near or 

usually on the head, neck, and shoulder regio 

surrounding the eyes. They may also occur on becomes 

or on other parts of the body, udected^ skmj^ 

thickened, then rough and nodular, with ... appear- 

the warts become large, pendular, and ’‘«7™„/\TLst 
ance. In such cases the growth and 

may be retarded. Frequently, f spon- 

Inununity. Acquired immunity probably Plj®. ^ 
taneous recovery. Vaccines are commercia y treating it 

made by grinding fresh wart tissue in sa me ^bicken embryo 
With formalin to kill the virus. A wart f "“^.rofcn 

origin is also available. Although 1 . jjj rapid disap- 

occur, the use of these vaccines is claimed to r 

pearance of the warts. . sufficient. 

Diagnosis. A clinical diagnosis of warts is ord y 

Aiolifor buccafis 

Common Name. Canine oral-papiUomatosis virus. 

Disease Produced. Canine oral pap oma o 
Hosts Affected. Dog. . onpur in all 

History and Distribution. Canine McFadyean and 

countries. Their contagiousness was reco^ y ^ j j the 

Hobday and also Penherthy in s^ 

transmission of canine warts by Berkefe through 

Properties of the Virus. Molitor buccal, s 
Berkefeld N fflters. It is inactivated ^“P .torage in the 

58“C. in one hour. The virus remans viable up 
refrigerator cither in dried material or in 5 p 

Cultivation. The virus is transmissible to young dogs by 
inoculation into the scarified mucous membrane. 
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Transmission Transmission ot Mohtor buccalis is presumed 
to occur through contact vMlh infected dogs 

Characteristics of the Disease In expenmentaUy inoculated 
dogs, the lesions appear m the mouth after one month’s incubation 
Areas which were inoculated become blanched and raised, then 
become roughened, finally resulting in a mass of closely pached 
papillae In naturally occurring cases the warts may appear on 
the lips, tongue, palate, or buccal mucosa The warts are quite 
benign and recovery with immunity results Secondary warts often 
appear m other parts of the mouth after the primary ones have 
appeared 

Immunity. Dogs which have recovered from infection with 
Molitor buccalts are resistant to remfection, therefore, immunity 
probably is concerned with the disappearance of the papillomas 
Artificial immumzmg agents are not used to any extent Wart 
vacemes prepared as for bovme use have been suggested for use 
m dogs 

Diagnosis A clinical diagnosis is ordinarily made m canine 
oral papillomatosis 


Mobfer turnons 


Common Name Rous sarcoma virus 
Disease Produced Rous sarcoma 

Hosts Afiected Chicken Experimentally the pheasant and 
duck can be infected, with difficulty 

History and Distribution The original virus was described 
by Rous in 1911 from an adult hen Since its discovery this virus 
has been studied m considerable detail Although the disease is 
of no economical importance as far as poultry are concerned, the 
extensive research which has been done on the virus has been 
a valuable contribution to the study of viruses and to the funda- 
mental knowledge of certam neoplasms The virus occurs in the 
United States and similar strains have been isolated m England 
and Japan 

Properties of the Virus Mohtor turnons is reported as being 
60 to 100 mpm size It wiU pass Berkefeld V filters Heating the 
vims to 54°C for 30 minutes will mactivate it At 37®C the virus 
becomes inactive m about 48 hours Spontaneous degradation 
refrigerator temperatures due to oxidation, therefore, 
the addition of reducing substances has a preserving effect upon 


Cultivation turnons can te cultivated on the chot 
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Transmission. The injection of tissue cells or 
infected tissue wiU transmit the disease. Transmission by contact 

does not ordinariiy occur. tn 

Characteristics of the Disease. Rous-sarcoma 
morformation of connective tissue ’^Wch metastasizes readily to 
ous organs of the body. Death may result m 2 to 5 ^ 

inoculation of the virus. All birds which are f “ 

not develop tumors, and it has been shown that resistance 
infection is sometimes attributable to genetic acors. 

Pathological Changes. The parent ce 1 of 
normal histiocyte. At the point of infec ion a contains 

which enlarges and becomes necrotic or cys ic „jgte Meta- 

a brownish sanguineus fluid mixed £ tofS 

static lesions occur in the heart, liver, and lungs, and the infected 

bird becomes emaciated, weak, and depresse > ™ ^ 

Immunity. M. tumoris is antigenic, and 
demonstrated which will neutralize the virus. tj... sarcoma 

ships have been shown "”^72 strains which have 

Viruses such as the Fujmami, Mul Hill 1 ana 

been isolated from fowl tumors. janenHsi 

Diagnosis. A diagnosis of toansmi^ible tumor of fowl depend 
upon reproduction of the condition by the injection of 
filtrates of infected tissue. 

Molitor gingivalis 

Common Name. Rabbit oral-papillomatosis virus 
Disease Produced. Rabbit mouth warts. 

Hosts Affected. Rabbits. 

History and Distribution. The viras of ^ ^ ^ 

of rabbits was discovered by Kidd and Parsons j 

with induced Vitamin A deflciency. Later these m g . j.. 

similar papillomas in the oral mucous membranes of normal 

lomestic rabbits. „ \r 

Properties of tlie Virus. M. gingivalis passes Ber 
N filters. ... _£ 

Transmission. Usually transmission 
mucous membrane and simultaneous exposure o 
animals are more resistant to exposure. 

CharacterisUcs of the Disease. Benign pap.llom^ oc^mon^the 
lower surface of the tongue and occasionally on the g 

the mouth. . .. ..ffoT* 

Immunity. Resistance to the MoHtor gingwaUs results 
recovery from the infection. 
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Diagnosis A diagnosis oi oral papillomatosis 
consist o£ the appearance ol the typiral lesions of t''® 
the demonstration of their transmissihility to other rabbits 


Molitor sylvjlagi 

Common Name Rabbil wart virus Ralobrt-papiUoTrva virus 
Disease Produced Rabbit warts 

Hosts Affected Cottontail rabbit and eKpenmentally the 

domestic rabbit . - 

History and Distribution. Rabbit papilloma virus was isolated 
from cottontail rabbits by Shope m 1932 The specimens which 
yielded the virus were collected from rabbits m northwestern 
Iowa and later from some m southern Kansas The disease is 
apparently confined to the middle western Umted States 

Properties of the Virus The elementary bodies of Molitor 
sylvtlagt are nearly spherical m shape and are approximately 44 mp 
m diameter They will pass all grades of the Berkefeld type filter 
The virus withstands a temperature of 65® to 67®C for 30 minutes 
but It \s killed at 70® exposure 

Cultivation. M sylvtlagt can be passed serially in wild cotton- 
tail rabbits It will produce lesions m domestic rabbits but cannot 
be passed serially m that species 

Transmission Transmission of rabbit-papilloma virus can be 
accomplished by mtradermal moculation in rabbits Scarification 
or application of benzene to the skm mcreases its susceptibility to 
the virus 

Characteristics of the Disease M sylvtlagi is specific for 
the skm epithelium of the rabbit At first there are minute eleva- 
tions in the skin which becomes keratinized and wrmkled, followed 
by comification, formmg large ‘ horns" m some cases Some 
papillomas become malignant and roetastasue to internal organs 
Immumty Specific Immumty can be produced by intrapen 
toneal injection of the virus No antigenic relationships have been 
noted v^ith other Mruses such as vaccinia, fibroma, or myxoma 
Diagnosis. The appearance of the cornified warts are char- 
acteristic and need little confirmation Transmission experiments 
to rabbits ma> confirm a diagnosis of rabbit papilloma 

Mehior myxomae 

Common Name Rabbit-myxoma virus 
Disease Produced Rabbit myxomatosis 

Ilmts Aflcctcd Domcslic rabbit Expcnmentally the cotton- 
tail and jack rabbit. 

Historj and Distnbution. Sanarclli, m 1893 reported on 
myxomalos^ of rabbits and sboned that the disease Mas transmts- 
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siUe and suggested that the causative agent was too small to he 
seen hy ordinary methods. Myxomatosis has been reporte m cm 
America, United States, Great Britain, Europe, and Austraha The 
disease has been deliberately introduced into wild rabbits^ of 
Australia in order to aid in the control of the “rabbit plague o 

that country. i i ir 

Properties of tlie Virus. M. myxomae passes Berkefeld V 
and N filters, but not Chamberland U or L, types. The size ot 
fibroma strains is 125 to 175 mp. Thermal inactivation takes place at 
55°c. in 10 minutes or at 50° for 1 hour. Strains of the virus which 
produce fibromas have been transformed to myxoma ypos y 
the addition of a thermostable substance derive om myxom 


strains. . , . 

Cultivation. The rabbit-myxoma virus can be cultivated m 
tissue cultures which contain rabbit tissues such as mononuc ea 
cells, testicular tissue, or lymphoid tissue. It is also rea i y cu 
vated by chorio-allantoic inoculation of chicken embryos. Discrete 
foci of ectodermal proliferation appear in the c orio a an ic 
niembrane 3 days after inoculation. No changes are no e 
embryo itself. . j i. t 

Transmission. M. myxomae can be transmitted y ® 
with infected rabbits or their discharges. The virus as 
recovered from flies. In some cases the disease has been transmitted 
by fleas. In Australia, the successful use of myxomatosis as a rabbit 
control measure is due to the spread of the virus y mosqui oes 
CharacterisUcs of tlic Disease. Myxomatosis is characterize 
tumors which appear in. the skin around the eyes, ’ 

®®d genitalia. There is conjunctivitis, edema of the eye s, 
'bicharge, and dyspnea. The central nervous ^ 

extension of the virus from the blood stream. The sease 
» 1 to 2 weeks. However, if the animals are kept in a room wiucii 
held at a temperature of 36° to 42°C., there are few deatts 
there is retrogression of the lesions. Fibroma strams do not 
produce fatal infection. , , ^ 

Pathological Changes. The tumor masses pro of 

^yxoma virus are gelatinous in appearance an 
'“oscly arranged connective tissue celk. Infected epithelial cells m or 
adjacent to the tumor contain cytoplasmic inclusions. 

. Immunity. Rabbits which recover from 
“nmune to the disease. Neutralizing antibodies are produ 
^ efIccUve against both the myxoma and ^broma s . _ 

fibroma strain is injected 48 to 96 hours before 
PMlection against fatal myxomatosU results. This y 
plained by the phenomenon of vims interference. ...units 

Diagnosis. Ihe appearance of soft tumors in the skm o^ mbb.ts 

"“Kests myxomatosis^ransmission c.xperimcnts to rabbits and 
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chicken embryos are confirmatory Demonstration o! cytoplasmic 
inclusions m the mfected tissue cells may also be used 
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The Genus Erro- 

the Encephalitis Group 


The genus Erro is composed of those viruses y^ich produce 

disease which is characterized chiefly by injury to ce 

The genus name Erro is the Latin name meaning a vagran . 

Erro scoficiis 

Common Name. Louping-ill virus. 

Disease Produced. Louping-iU. . v,nrqes 

Hosts Affected. Sheep, cattle, and man. 
swine, mice, dogs, monkeys, rats (inapparent) , and chick 
bryos. , « 

HUtory and DistribuHon. Louping-iU was ^ 

'and in 1807 hy Duncan, but the etiology was discovered 
virus only after many years of controversy and experim 
Pool. Brownlee, and Wilson in 1931 were the first ^ P “ 
the disease in sheep by injecting Berkefeld filtra es. r>jjggia. 
Occurs in Scotland, Northern England, and^ some , small 

Properties o£ the Virus. Erro scotieus is masses all 

nieasuring approximately 20 to 27 mp in size. The ^ 

|ades of Berkefeld filters and the Chamberlimd ^and 
The virus is heat sensitive being destroyed at 58 C. 

« 60°C. in 2 to 5 minutes, and at 80°C. in 30 seconds. ^ _ 

E. scotieus may not survive more than 2 wee s 
e'or, tut ^11 far 4 to 6 months in glycerin. 

An antigenic relationship has been shown be \ 

V‘s and Erro siluestris. tissue cul- 

Cultivation. Louping-iU virus can be cu ,g>g solution, 

which employ minced chicken embryo _jt,rane results 

oculation of the virus onto the chorio-allan oi „_,v,rvo within 

■i' fto gro^vth of the vims and the death " Ld 

® '>=>ys. Lesions of the embryo include liver necrosis, gene 

and jaundice. ^ i^ug „£ louping- 

111 . ^^nwossion. Under natural condition tn E-xperi- 

transmitted only hy the bite of ticks (Ixodes r.cnms). is-xp 

1727 ] 
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mentelly ftc virus can be transferred m sheep by intracerebral, 
ocular intravenous and subcutaneous inoculation 

Characteristics of the Disease Ixiupuig ill occurs m the apnng 
and fall among lambs and yearlings and occasionally m older 
sheep The disease exhibits a diphasic febrile reaction in most 
cases At first the infected sheep shows depression and increased 
temperature followed by a second temperature increase which is 
accompanied by symptoms of encephalitis The mortality of this 
type of the disease is high However the disease may be abortive 
m some cases and only the first phase is noted no nerv ous symptoms 
occur 

The disease has been described m man It has been most 
frequently diagnosed m laboratory workers and seldom among 
people who have contact with sheep The disease m man is not 
serious There is fever malaise, headache and mild nervous symp- 
toms 

Pathological Changes Most of the pathological changes occur 
m the central nervous system These changes mclude congestion 
and leucocytic infiltration of the meninges perivascular cufimg 
and degeneration of the cells m the cerebrum, cerebellum, and 
medulla Inclusion bodies have been demonstrated in the central 
nervous tissue of infected mice 

Immunity Animals which have recovered from louping-ill 
are resistant to remoculation Complement fixing and neutralizing 
antibodies are demonstrable in the serum of recovered and im- 
munized animals Formolized chicken embryo \accmc is used to 
produce artificial immunity to the disease Tide eradication is very 
important in control. 

Diagnosis In addition to symptoms of the disease, the diag 
tiosis of looping lU IS based on isolation of the virus hy intracerebral 
moculation in mice or by chichen embryo inoculation Serologic 
reactions are helpful in the differentiation of Etto scoticus from 
Russian Far Eastern encephalitis virus 


Erro silvestns 

Common Name Russian spnng summer vums Far Eastern 
encephalitis virus 

Disease Produced Russum Far Eastern encephalitis 

Hosts Affected Man cattle, horses sheep eoats dope wild 
^wora wdd rodent also grouse and oL? R^^Kd 
pigeons are insusceptible 

Distribution. Erro sdvestns is apparently con 
So™ rr Wtfl" It product was 

1935 It has been fo become a problem until about 

has been found m many animals-man is only an ace. 
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dental host Men who work in the forests as lumbermen are among 
the most frequently infected 

Properties of the Virus. The Russian spring-summer virus 
will pass all three grades of Berketeld filter, Seitz and Chamber- 
land L,, Lj, and Lj candles The elementary bodies of the virus 
are 15 to 25 mp m size A temperature of 60°C for 10 minu^tes will 
kill the virus There are definite antigenic 

louping-ill and Russian virus St Louis, Japanese, an es i 
viruses show some relationships but are less pronounce 

Cultivation, Erro silvestrts can be grown in tissue cultures 
employing mmced chicken embryo and Tyrode s so ution as we 
as m chicken embryos , ^ j. 

Transmission. Ticks (Ixodes nenttis) are t e vec ors o 
Sian virus Transovarial transmission of the virus m ic s 
one generation to another has been shown 

Characteristics of the Disease. The disease 
usually of the inapparent type and is not diagnosed chnicaUy 
Evidence of the disease is most often based on sero ogica , 
tut the virus has been isolated from the bram of cattle Inw^cere- 
kral inoculations of the virus m white mice result m convu 
®ud paralysis m 5 to 13 days and death , 

The mfection m man is manifest after a W- to W-day meub^ 
hon period Symptoms include fever, nausea, and headache wh 
are followed by flaccid paralysis and other signs of 

Some infections are abortive, ending m comp e e re 
iiithin a few days Others termmate in death or permanen n 
lag'c injury , . 

Immunity. Formohzed virus is used for the pr , 

artificial immunity The control of ticks is an impo an 

measure 

Diagnosis Isolation and identification of of the 

^‘“utes a diagnosis of mfection Serological differentiation of the 

from loupmg-ill is necessary 

^*■*■0 incognitus 

Common Name Austrahan X virus 

disease Produced. Austrahan X disease choon 

Hosts Affected. Man Experimentally the monkey, . ^ 

“"d oaU Australian X disease appeared m 1917 ■"Austral a ^ an 
'P'dem.c of encephalomyehtis A total of 134 people 
'■ h a mortality of 70 per cent The disease f 
22, 1925_ ana 1926 but was more mild m uhoroo 

diagnosed since 1926 The virus was »sola complete 

, ■'ook, but was lost and has not been .a,i.ab!e data. 

‘ud> or comparison with other viruses From the . 
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It IS now -believed that Australian X is identical to Japanese B 
Virus 


Erro (opontcus 

Common Name Japanese B vims 
Disease Produced Japanese B encephalitis 
Hosts Affected Man and horse Experimentally cattle, sheep 
swine rabbits, hamsters, monkeys, mice, chickens, and chicken 

embryos i_ i. i, i 

History and Distribution A ‘ summer cncophahtis which nau 
been described as occurring among the Japanese population for 
the last 100 years was not accurately identified as of virus eliologi 
until 1936 The virus is widely spread over Japan and has also 
occurred in Korea Okinawa, China and far eastern Russia The 
disease is known to occur in horSes and there is considerable evi- 
dence of the existence of the virus m cattle, sheep, hogs, and goats 
The virus has not been found m North or South America, Europe, 
or Africa 

properties of the Virus The elementary bodies of Erro japont- 
cus are reported as 20 to 30 mp m size by filtration studies The 
virus IS filterable through Berkefeld N, W, Seitz and Mandler 
filters Exposure to 56*C for 30 mmutes inactivates the virus It 
IS preserved for long periods by freezmg at — 70®C and by 
lyophihzation, but it is less stable at ordmary refrigerator tem- 
peratures At 0®C It lives for about 3 weeks It is more stable 
m 10 per cent serum or skim imlk than in saline suspension Anti- 
genic relationship between Japanese B West Nile, and St Louis 
viruses has been demonstrated 

Sabm has reported that Japanese B virus will agglutinate the 
erythrocytes of chickens, pigeons and sheep, if the conditions of the 
test are carefully controlled 


Cultivation Erro japonicus can be cultivated in either tissue 
cultures or chicken embryos Chorio allantoic inoculation of the 
embryo is preferable but the yolk sac route is satisfactory 
Embryos die within 2 to 3 days following inoculation The greatest 
concentration, of the virus occurs u\ the embryo itseli 

Transmission Japanese encephalitis virus is presumably 
transmitted by mosquitoes Epidemiological and experimental 
studies strongly suggest this mode of transmission It has been 
possible to experimentally transmit the disease to mice by bites 
of infected mosquitoes Viremia occurs m many animab and fowl 


Japanese B eneephaUtis in man 
snlTn symptoms or the onset may 

be sudden The symptoms mdude high fever, general impairment 
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of mental faculties, and often paralysis Death occurs “ 
cases Mortahty rates range from 40 to 90 per cent with the 
highest rate among the aged Japanese B and St ouis encep a 
litis are closely related both epidemiologically an c ica y n 
the horse, there is evidence that mapparent infection is widespread 
m Japan However, there are reports of outbreaks of encepha o- 
myelitis m Japanese horses m which the mortahty rate reac es 
50 per cent m those horses chnically affected with the disease 
The symptoms m the horse mclude high temperature, excitement 
foUowed by apathy, depression, and spastic or flaccid paralysis o 

the legs ,, f 

Pathological Changes. The pathological changes are those ot 
menmgitis and encephahtis The menmges are e ema 
congested The bram proper is congested, and microscopica y e 
is cellular infiltration and perivascular cufimg of the blood vessel 
Immunity. Animals which recover from experimen a moc 
tion or vaccmation are resistant to remoculation 

Neutrahzmg and complement-fixmg anti o les are 
followmg mfection or vaccmation 

Vaccmes may be produced from virus pmpaga e “ 
embryos or from formohzed mouse bram These ya 
been used to some extent m man and experimen a 
Neutralizing antibodies are produced by the ° ’ 

the value of such vaccmes has not been determine j. v>v 

Diagnosis A diagnosis of Erro joponicns m ec ion is 
isolation and identification of the virus Isolation can 
intracerebral moculation of rabbits and young mice or n „ 
or chono-allantoic moculation of chicken embryos Serological 
and immunological differentiation from related viruses 
done 
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Properties of the Virus. The virus, Erro scelestus, measures 
20 to 30 mp m size It is fUterable through Berkefeld V, N, and 
Seitz filters The virus is killed by 56°C for 30 minutes, 0 1 per cent 
formalin in 10-18 hours, but resists 1 per cent phenol for 25 days 
and 0 5 per cent for 50 days The mfectivity is rapidly lost m the 
refrigerator However, it is preserved by lyophilization or if stored 
at — 70°C The virus will hve longer m serum or skimmed milk 
than in salme suspension Pemcillm does not affect the virus 

St Louis encephalitis virus will produce the agglutination of 
chwken, pigeon, or sheep erythrocytes if tested under proper con- 


Cultivalion Erro scelestus multiplies m tissue cultures which 
employ either chicken or mouse embryonic tissues Chicken 

mtlT, "'“l ““=>1 '•““tes of 

S fte remhra” PtoWeration, and necrosis 

most of the case's oocu'remB seasonal m occurrence, 

comcides ’’Tt 

mosquitoes, especiaUy Culex term! Vi ? 

mit the viAis^id am conside;^''ir\^^ P’P--' 

of mosquitoes have transmitted^he i^' 

conditions Repeated isolation, of .t * tmder experunental 

Culex tarsal, s mosquUo s .“^V'’" ''T 

isolated from 0100^7^10^ 0 ^ 

been collected m nature and’. “"S’*”* Sallmae, which have 
duease Transovarian mte“ion ^ ‘'''= 

Characteristics of the Disease TK '^'““"^'rated m the nutes 
ranges from 9 to 21 davs On<to* / - period in man 

ache, high fever, neck rigidity mental^ ‘Uness is sudden with head- 
IS usually followed by enceohaht?. ' “"d tremors This 

and sleepiness in some patients or l" “f apathy 

others sleeplessness and excitement m 

Some cases are abortive and il.. , , 
appear Mortality rates m the earl '''^P*’ehtic symptoms do not 
"ere 37, 20, and 23 7 per eem r 1932-33 and 1937 

scelestus produces a disease 1,^?, ‘>'= *’“'‘=e, Erro 

depre^ion. sleepiness, ineoordm^r f ‘o>"Perature, 

^es death. Many ho7sZw^rT°f paralyse, and in some 

to the vims without showing any si7 t° antibodies 

Pathologienl Changes 7" 
entirely confined ‘o fetram 'an^td^Sl 

outstandmg changes 



Brro 


733 


are those of congestion with occasional petechial hemorrhage, o 
leucocytic mfiltration, and perivascular cuffing of the Wood vesse s 
Immunity. Complement-fixing and neutralizing antibodies are 
produced following infection and recovery, an remain in 
titer for several years Horses which have developed neutrahzmg 
antibodies are refractory to the virus Mice can e success u 
immunized hy the inoculation of formolized or u tra vio e rea 
virus Neutrahzmg antibodies are readily produced by vaccmation 
of mice or hamsters, but resistance to mtracerebral challenge does 
not always parallel the appearance and disappearance o 

antibodies . i o* r 

Convalescent serum has been used for treatment of St Louis 

encephahtis m man . , 

Vaecmes are not commercially available for the immumzation 

of animals or man , , . j 

Diagnosis. Accurate diagnosis of St Louis encep ® ® 

upon isolation and identification of the virus ® 
virus may he accomplished by mtracerebral mocu a mn o , 

chorio-aUantoic mooulation of chicken embryos with bram material 

from the infected host , ^ 

Complement-fixation or serum neutralization tests often 
used m diagnosis of the nonfatal case as well as mapparent m- 
fections m many hosts , , 

It IS important to differentiate St Louis 
the equine encephalitis viruses which may be encoun 
cally identical cases m man or animals (See Erro eqittmt 
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Erro eqoinus ^Western type) 

Efro tenbroeckn (Eoslern type) 

Effo venezwelensjs ^Veneiuelan type) 

Common Name Equine encepha)omyeUlis Mruses 
Disease Produced Equine cncephalomjelitis, sleeping sicKncss 
Hosts Affected Horse, man, rarcl> pheasant and pigeon 
Experimental hosts include the gumea pig white mouse, hamster, 
rat, domestic and wild rabbit, monkoj, squirrel, gopher, wi 
mouse deer, sheep, calf, pig goat, dog, and prairie chicken Domes- 
tic fowl and some wild birds show only a viremia following inocula- 


tion with no symptoms Cats are resistant 

Historj and Distribution Epizootics of encephalitis in horses 
have been knowm m the United States for many years previous 
to 1931, but it was m that year Meyer, Haring, and Howitt were 
able to recover a fUter-passing virus from the brain of infected 
horses mvolved m a California outbreak The incidence of encepha- 
litis mcreased sharply m the western stales m the next few years 
and spread eastward to the middle west until, in 1937 and 1938, 
173,889 and 184 662 cases respectively, were reported In 1939 
a sharp drop to 8 008 cases was attributable to resistance developed 
by earlier attacks and especially to widespread vaccination with 
chicken embryo vaceme 

In 1933, Ten Broeck and Merrill, also Gittner and Shahan, 
reported on a virus responsible for equine encephalitis which oc- 
curred m New Jersey, Virguua, Delaware, and Maryland Ten 
Broeck and Merrill demonstrated distmct antigenic differences 
between the eastern and western strains of the virus The eastern 
type spread over the eastern and southern states and m 1939 it 
spread westward to some extent 

The western type virus has occurred m at least 20 states 
which include nearly all of those west of the Mississippi River 
and a few east of it The eastern type has been found m 14 eastern 
and southern states Both viruses have been identified from five 
states 

Comcident with the disease m the horse, both viruses have 
been isolated from cases of encephalitis in man In 1941, an cpi 
demic of human encephalitis due to the western type virus occurred 
in the Dakotas, Minnesota and adjacent areas of Canada Over 
3 000 ^ses were diagnosed with a mortality rate of 8 to 15 per 
cent These viruses have spread widely among wild and domestic 
^imals and fowl, and so a reservoir of the virus remains and the 
disease is enzootic m many areas 


A third t^e of equme encephalomyelitis has been reported 
fcom Venezuela, S A. wluch k caused by a virus wUh s.nular 
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properties to those of the eastern strain, hut it is antigenically 

distinct. , „ , « j 

Equine encephalomyelitis occurs in the United States, Canada, 

Panama, and South America. 

Properties of the Virus. The elementary bodies of Erro equinus 
have been reported as being 20 to 35 mp in diameter y co o ion 
membrane filter studies. Measurements made from photographs 
taken in the electron microscope show the eastern type is o 
47 mp in diameter and the western type 40 to 53 mp. Both viruses 
are spherical in shape. The general chemical composition o e 
western strain is reported by Beard as 54 per cent ipoi^ , 
cent carbohydrate, and the remainder ribonucleoprotein. the 
equine encephalitis virus is comparatively resistant. The virus 
withstands a temperature of 70°C. for 10 minutes w en in sus 
pension. It resists undiluted ether, 0.2 per cent chloroform, 2 per 
cent phenol, 0.05 per cent mercuric chloride, and 1 : 500 merthiolate. 
Formalin in a concentration of 0.4 or 0.2 per cent wi mac va e 
the virus in three to four days. The virus is preserved y re ”Ser 
etion for at least one year in chicken embryo f* 
preserved in 50 per cent buffered glycerin or by lyophilization. 

Chanock and Sabin have reported that Erro equinus wiU agg u- 
tinate the erythrocytes of the chickens if the pH of t e suspe 
liquid is 6.1. The age of the chicken used for the donor of the 
erythrocytes is also important. Erythrocytes from new y ace 
chicks are considered more suitable than from adult chickens. 

Three antigenic types of equine encephalitis virus are 
nized: eastern, western, and Venezuelan. Several substrains of 
the western type have been distinguished on the basis o viru 

Equine encephalomyelitis occurs in Argentoa an razi • 
Argentine strains of the virus closely resemble the western yp 
while the Brazilian strains are of the eastern variety. , . 

Cultivation of the Vims. Erro equinus can 1='^ 
tissue cultures of the Maitland type which employs rabbit t^ticula 
tissue. The virus is readily cultivated in chicken emb^os > 

tucthod of inoculation. The virus grows rapidly, and U"*™ - 
I'ills the embryo in 18 to 24 hours. This rapid ” 

distinguishing characteristic of the virus. Hemorrhage, thrombosis, 
and necrosis are observed in the dead embryos. ^ ^ 

Transmission. The virus Erro equinus is elimnatc 
accretions of infected horses and contact with such 
■vsult in transmission of the virus. However, the disease u^al > 
‘•■ought to be transmitted by blood-sucking arthropods in 
of oases. Erro equinus has been isolated repeatedly from 
'■■apped in endemic areas. Species of mosquitoes of the genera 
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Aedes, Anopheles, Culex, and Citliscla have yielded the virus. In 
addition to mosquitoes, ticks such as Dcnnaccntor andcTSoni and 
mites Dermonyssus amoricanws> Dermanyssus yaUinne have also 
yielded the virus. Experimental transmission has been proved 
with these arthropods. Mosquitoes become infective 7 to 20 days after 
feeding on an animal which shows viremia. There is evidence of 
multiplication of the equine encephalitis virus in the mosquito 
and the insect remains infected for life. Transov'arial transmission 
of the virus occurs in ticks, hut probably does not in mosquitoes. 
The virus may be transmitted from chicken to chicken by infected 
mites. 

The “reservoir” o! the vims which appears to exist in mosqui- 
toes and other insects and inapparent hosts constitutes a problem 
in control 

Characteristics of the Disease. Equine encephalomyelitis is sea- 
sonal, occurring in the summer and early fall months. In the horse, 
there is at first high temperature accompanied by viremia which is 
followed by typical symptoms of encephalomyelitis. These include 
depression, sleepiness, pharyngeal paralysis, incoordination, paraly- 
sis of the lips and legs. Death may occur in 3 to 8 days after 
onset. Complete recovery or survival with nervous sequelae may 
occur. Some cases are nuld and of short duration with rapid 
recovery. Infection by the eastern type is more severe and rapid 
than that produced by western strains. Mortabty rates are about 
9(1 per cent with eastern type and approximately 11 per cent with 
western type infection. 
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antibodies is the only evidence of virus invasion Active immuniza- 
tion by chicken embryo-propagated virus has been widely used 
and with success Monovalent eastern, monovalent western, or poly- 
valent vaccines are available The type of vaccine c osen epen s 
upon the type or types of the virus which occur m t e area w ere 
It IS to be used Formalinized chicken embryo vaccine was at tost 
prepared from the whole embryo and its fluids w ic me u e 
allantoic, ammotic, and yolk sac contents This practice was a an 
doned because of the development of hypersensitivity to egg pro 
terns m some vaccinated horses The vaccine was ot erwise sue 


cessful, however c j t 

The whole embryo vaceme was succeeded by a purihed intra- 
dermal vaceme This vaccine is formalmized, 0 4 per cen > ® 

virus protem is recovered from the infected embryo con en s y 
high speed differential centrifugation 

The immumty produced by the killed vaceme is considered 
durable for only one season and so animals m enzootic or epizootic 
areas must be vacemated each year 

The same vaceme which is used m horses is use m imm 
mg laboratory workers who work in research or m vaceme pro 
tion laboratories . +_ 

Animals which recover from natural infection are resistant to 


reinfection » j j 

Diagnosis A diagnosis of equme 
upon isolation and identification of the virus or y made 

serological evidence Actual isolation of the virus is 
from the central nervous tissue at post-mortem so a lo 
■'irus from the blood of naturally infected animals 
the stage of virerma is transient and usually prece es 
ef symptoms White nuce or gumea pigs are t e inos sui , ,, 

eiumals for isolation ot the virus and are mocukted 
"uth bram tissue from the suspected case These animals should 
show symptoms m about 4 days followmg moculation Chicken em 
hiyos may be inoculated directly with the brain of the mfected 
'“'unal and should die in about 24 hours, if the virus is prese 
A Virus isolated from the nervous 
encephahtis, should be identified and 

from other viruses by cross-immunity, complement-fixation, an 
rorum neutralization tests , , 

Serological tests are used m the diagnosis o 
;napparent infections However, the roere demonstratio . 
bodies does not constitute a diagnosis ot Proso" ' a 

roay m some cases reflect a past contact with tlie vir . d 
Persistence ot antibody If possible, sera t 

'fiseaso should be compared with the antibody conte 
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collected m convalescence A dntmct mcrcasc in the tiler of anti- 
bodies m the HUcr would carry significance However, a posilite 
serological test indicates contact with the virus at some time and 
IS useful in epidemiological surveys 


Erro bornensts 


Common Name Boma disease muis 
D isease Produced Boma disease 

Hosts Affected Horses, sheep, and possibly cattle and deer 
Rabbits, guinea pigs, mice, monkeys, rats, and possibly {ov,l are 
susceptible to experimental inoculation 

History and Distribution Boma disease is so named because 
of a particularly severe outbreak of the disease near the town 
of Boma in Germany m 1894 The disease was known m Germany 
for many years before but under different names It is a disease 
primarily of the equine species, but also may occur in sheep 
Cases of the infection have heen reported m cattle and deer but 
are riot well substantiated The etiology of the disease was sug' 
gested to be a virus by Joest m 1911 and was confirmed by Zwick, 
Semfried and Witte in 1926 The disease occurs m central Euro- 
pean countries 

Boma disease and oqume enccphalomyohtis are so similar 
that cases of the latter disease which occurred m the United 
States were thought at first to be Boma disease, but the two were 
soon differentiated 

Properties of the Virus The elementary bodies of Erro bomcn- 
SIS are 85 to 125 mp in size They will pass collodion filters and also 
Betkefeld handler, and Gbamberland filters, but only with irrog- 
ulatity The virus is inactivated by exposure to 57®C for 30 mm- 
utes or 70°C for 10 minutes 

It is killed by 1 per cent phenol m 4 weeks, but not in 2 weeks 
It IS resistant to diymg and survives m the dried state or m 
glycerin for 6 months to 1 year 

Erro homeasis is antigenicaUy distinct from Erro eqmrtus and 
hrro scoticus 


Cultivation ^o data regarding tissue culture or chicken 
e^tyo cultivation of the virus is available The virus tor most 
rSr™^ hy mtracerebral moculation of 


iufected"a^!m*^^ disease virus is elunmated from the 

m T eousidered most important 

-rerorhrtr^:rerrd:ia!r'k^^ 

about 30 days msease the incubation period is 
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Characteristics of the Disease. The onset of definite symptoms 
of the disease may be preceded by a sbght fever and ot er mi 
signs of illness These are followed by typical symptoms of menm- 
gitis and encephalomyelitis such as dullness, incoordination, paraly- 
sis, and altered behavior The course of the disease is usually 
1 to 3 weeks and death occurs in 90 per cent of the cases 

Pathological Changes. The lesions of Boma disease are con- 
fined to the central nervous system Gross lesions are no mar 
nor characteristic Microscopic lesions of the bram an menmges 
consist of areas of leucocytic infiltration and degeneration ot nerv 
cells 

Intracytoplasmic mclusion bodies can be demonstrate m so 


of the ganglion cells of the hippocampus major 

Immunity. Recovery from an attack of Borna sease 
temporary immunity A bram tissue vaccine prepared from raDDiK 
has been of some value m immunizing horses Sue immuni y m 


last for 6 months to 1 year , .,„„n 

Diagnosis. Accurate diagnosis of Boma disease epen s 
the isolation of the virus by rabbit or guinea pig moculation an 
differentiation from other viruses The demonstration of mtraoyto- 
plasmic inclusion bodies from the brain tissue is of va ue 


gal/Jnae 

Common Name. Avian encephalomyelitis virus Epidem 

tremor virus , - 

Disease Produced. Avian encephalomyelitis, epidemic ^ 

Host Affected Chicken Experimentally turkey pou , 

^gs, and young pigeons are susceptible 

History and Distribution. Avian enoephalomyeUtis w^ fet 
observed m the New England states m 1930 by Jones 
ascribed the disease and the virus causmg it, atmoqed 

fi^t description, the disease has spread and has een ' 

W many states The disease has also been reported m Austran 
Properties of the Virus The elementary bodies of 9 ^ 

“6 20 to 30 mp in size and will pass Berkefeld V and N as 
Seitz biters , 

The virus survives for at least 88 days m 50 per cent glycerin 

for 68 days in lyophilized material ««„Vin1nmve- 

No relationship between the avian and equine en p 
kis Viruses has been shown ^ ^ ^..ifnres 

Cultivation. Erro galhnac can be cultivated in Newlv- 

^>aposed of mmced whole embryo tissue and chic en se 
^^hed chicks are uniformly susceptible to the irregularly 

^1 inoculation, whereas chicken embryos nomted out 

^ the usual tcchmcs of moculation This fact has been p 

Okisky as a striking re^ersal of the general rule, since many 
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viruses will grow readily in the developing embryo, but will not 
affect the newly hatched chick or adult bird 

Tiansmission The mechanism of transmission of avian en- 
cephalomyelitis is not definitely known Transmission by contact 
with infected birds has been thought to be of importance by some 
mvestigators but is discounted by others Van Rockel also Jung- 
herr and Minard suggest that the virus is egg borne The virus was 
found m the unabsorbed yolk of naturally infected chicks Jungherr 
and Minard also report the production of typical lesions in the brain 
of chicks inoculated with saline suspensions of feces collected from 
infected flocks However, clinical symptoms were not observed 
nor was the virus isolated in these cases 

Chtvractcnstvcs of tlic Disease Avian encephalomyelitis is a 
disease of young chicks which occurs within the first six weeks of 
life Most of the chnical cases arc noted in chicks between one 
and three weeks of age Older birds are refractory even to arti 
ficial inoculation 

Tremor of the head is one of the most often noted symptoms 
Incoordmation and leg weakness arc frequently observed Gen- 
eral debility prostration and death may follow Mortality rates 
range from 0 to 50 per cent with an average of about 17 per cent 
Many cases of the disease are asymptomatic but will show 
histopathological evidence of infection if the bram is carefully 
examined 


Pathological Changes The only lesions observed in avian 
encephalomyelitis are microscopic lesions of the brain There is 
marked degeneration of the neuron cells of the bram proper and 
of the cord There is also perivascular cuffing of the blood vessels 
of the meninges and the bram 

Immunity Neutralizing antibodies have been demonstrated 
in the serum of birds which arc vaccinated with killed virus How 
ever no protection to intracerebral challenge is demonstrable in 
such birds 

No immunizing agents are used for the prevention of avian 
encephalomyelitis 

Diagnosis A diagnosis o£ avian encepbalomyebtis is based on 

by intaaeembml mocnlali 
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The Genera Legio, Armlillia 
and Theilerella— 

the Poliomyelitis Group 


the genus lEGlO 

Viruses of the genus Legio induce disease character^ed by 
involvement of the nervous system and usually involve t e ce s 
of the alimentary tract so that the virus is recoverab e rom 
feces. The generic name is from the Latin, meaning army or legion. 


fegio debililans 

Common Name. Poliomyelitis virus, infantile paralysis virus. 
Disease Produced. Poliomyelitis. . 

Hosts Affected. Man and monkey. Experimentally certain 
strains have been adapted to cotton rats, mice, and gumea pigs. 

Poliomyelitis virus is spherical in shape and measures 
™i‘ in diameter. It grows readily in tissue cultures compose o 
^uman fibroblasts, neoplastic epithelial (HeLa) ce s, or 
oells. It produces a cytopathogenic effect when grown in 
'nlture. This effect can be prevented by immune serum. 

Three antigenic ts^pes are distinguished: the Bru , 

Lansing, and Leon. its 

^nfiomyelitis is widespread in man and each year . 

° *■ The virus at first attacks the pharyngeal region an 
some parts of the intestinal tract, producing mild 
^■nptoms in most cases, hut in some, central "O^ous 
\‘*h paralysis and occasionally death ' naralysLs 

^v-duals completely recover, but others suffer from paml>sc 
ch may permanently disable. . , ^ 

PoliomyeliUs docs not naturally infect 
^®oult to experimentally transmit the disease in animals - 
"’‘’'''toj-s. . , 

A number of surveys have been tlic 

•fiother or not wild or domestic nnimabs or fowl " ^ , 

r!,”' poliomyelitis, but so far no positive '' ’,h” 

“«Pd. There is ovidc;ec of transmission of die virr's 
'"■''Imm of milk contaminated from human oases or carriers. 
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THE GENUS ARMllLLIA 

Viruses m the genus ArmhUia are those afTccting the central 
nervous system of lower animals and occasionally man The genus 
name Armlillia is derived from Armstrong and Lillie, who first iso- 
lated lymphocytic choriomeningitis 


Armlillm erebea 

Common Name Lymphocytic choriomeningitis virus 
Disease Produced Lymphocytic choriomeningitis 
Hosts AfTected Mouse and man EKpcnmontally guinea pig 
rat monkey, and hamster Inapparent mfoclion results from in- 
oculation oi the dog and (erret Insusceptible hosts include the 
pig chicken rahhit, canary, parakeet and the vole 

History and Distnhution Armstrong and Lillie, m 1934, while 
working with material from a fatal human case of St Louis 
encephalitis discovered a new virus This virus, which was found 
m the 5th monkey passage, had previously been thought to be the 
St Louis virus since the original case was clinically typical and 
occurred dunng the 1933 epidemic of St Louis encephalitis A 
virus was isolated in 1935 from mice by Traub and from a case of 
meningitis m man by Rivers and Scott and shown to be identical 
with that isolated by Armstrong and LiUie Numerous isolations 
of tbe virus have been made from laboratory and wild mice One 
isolation from a cow s brain is reported by Alice and McNutt The 
virus IS widely distributed It has been isolated from many parts 
of the United States also from England France Japan and North 
Africa 


Properties of the Virus The elementary bodies of Armltlha 
erebea are calculated to be between 40 and 60 mp in size They will 
pass Berkefeld V N W Chamberland L, L La and Seitz filters 
The virus is inactivated by exposure to 55®C for 20 minutes 
also by ultra violet hght and by various detergents 

Armhllta erebea is preserved m 50 per cent glycerin for 7 
months and m the frozen state for 1 year 

Cultivation. Armlillm erebea can be grown in tissues cultures 
which employ either mouse or chicken embryo tissues in Tyrode s 
^ution It can also be grovm on the chono allantoic membrane 
virus may kill the embryo m 8 to 9 days hut without the 
tormation of pocks or specific lesions 


Trammission. It has been suggested that the mouse is the 
lymphocytic choriomeningitis and n 
thought to he the usual source of the virus A ereheo has beer 
tioo ’'T' "“'1 ‘rapped m homes where human mfee 

mouse m tr“ '’T ^“^0 escapes from the mfeotei 

mouse m the nasal secretions semen urine and feces It is he 
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lieved that these infected materials, especially urine, become dried 
and that they are carried into the air and inhaled by man oi 
the eye. In utero infection of mice has been shown to occur. The 
virus can also be transmitted by arthropods such as lice, be ugs, 
ticks, and possibly mosquitoes, since the virus circulates ™ ® 

blood for a time after an animal becomes infected. Transovaiia 
transmission of the virus from one tick to another has een re 
ported. 

The virus has also been found as a contaminant in canine 
distemper virus, which was passed in dogs and ferrets, an rom 
cultures of rabies virus which employed mouse brain or mon ey 
serum. . . 

Characteristics of tiie Disease. The virus of lymphocytic chorio- 
meningitis is widely distributed in mice and is quite o rans 
ferred to man and other hosts. The disease in mice is usually not 
noted, but many mice carry the virus. Young mice are niore sus 
ceptible than old ones. Experimental intracerebral inoculation o 
the virus in mice results in illness characterized by emacia ion, u 
ness, tremors, and spasms of the legs, and by death, a ura y 
fected mice are often, symptomless but may harbor ® 
some time. Usually losses in infected stocks are not over P®!* ® ^ 
In man, there are usually prodromal symptoms sue ^ 
throat, tonsUitis, bronchitis, and cough, which simulate in • 

Hiose symptoms are followed by meningeal symp oms o 
Kobe, vomiting, and neck rigidity. Recovery usual y 
few weeks. In some cases there are recurrent attacks. N - 

hig antibodies for the virus of lymphocytic <*oriomening.t.s have 
been demonstrated in the blood of about 12 per cen o n 
people in the U. S., indicating widespread subchmeal m _ 
Patholojpcal Changes. The outstanding pathologica . g 
ere observed in the meninges and choroid plexuses w i 
jymphocytic infiltration. The brain may show penvascu a 
and degeneration of nerve cells. 

Naturally infected mice often show mild leucocytic infiltra 
lions of the meninges and focal liver necrosis. Ivm- 

Immunity. Mice which have rccoverd from an a a 
phocylic choriomeningitis are usually refractory to •* “ 
ocuiation. Complement-fixing and neutralizing 
formed in response to the virus. Artificial immunity « P 
duced in mice with live virus, but immunity is les.s durable 
puinea pig,s which receive formalinizcd virus, 

Diagnosis. The diagnoses of A. or 

I'olation and identification of tlic virus m .sus P , , 

pumca pigs. I. is very important to 
•“tent A. crehee infection in any mouse stock us«I 
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purposes Intracerebral moculatton of ordinary nutrient bwth 
mt^mice with latent choriomeningitis will give rise to '"““Sea 
symptoms and lesions The possibilities of the presence of this 
MTUS m laboratory mice stocks must be considered -when any 
intracerebral inoculations are to be made 


ArmUllia slmt/Ions 

Common Name Pseudo-lymphocytic chonomcmngitis 
Disease produced. Memngitis 

Host Affected Man Experimentally the mouse, gumea pig, 
rat, monkey, and chicken embryo are susceptible 

MacCabum, Fmdlay, and Scott reported in 1939 the isolation 
o£ a virus from two patients with acute meningitis The disease 
IS similar in most every respect to lymphocytic chonomcmngitis 
except that the mcuhation penod is shorter, 5 days instead of 5 to 12 
days, and that the symptoms and the lesions are less pronounced 
in the case of pseudo-lymphocytic choriomeningitis The virus, 
A simulans, is larger, 150 to 225 mp m size as compared to 40 

to 60 mp for A erebca These two viruses are immunologically dis- 

tmet 

A simulcaa has not been isolated from natural disease in 
animals 


THE GENUS THEIIEREILA 

Vinises of the genus ThetlereUa cause spontaneous encephalo- 
myelitis m animals Lesions and character of the disease closely 
simulate human poliomyelitis but the virus bears no immunological 
relationship to the poliomyelitis virus 

Theilerelto muris 


Common Name Mouse-poliomyelitis or Theiler’s encephalo- 
myelitis VITUS 

Disease Produced. Mouse pohomyelilis Theiler’s encephalo- 
myelitis 

Hosts AUccled. White mouse Wdd gray mouse may he an 
mtestmal earner 

Hisforj and Distribution, blouse encephalomyelitis was first 
noted m the Hmted States by Theiler m 1934 who reported that 
the etiology of the disease was a virus The virus is widespread, 

!d'em I‘ has been 

Identified in the UnUed States, South America, Europe, and Japan. 

tenoriTd ffltrauon studies T. mnns is 

mi^s.^ ^ I V “ diameter Card, on the hasm of electron 
W maTwSrS^Tb ae vmis as bemg filamentous, 

Berkefeld type filter ^ 

ype mter and the Cbamberland L, type The virus re- 
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tarns Its viability for 14 months at -78°C, and at least 150 days 
m 50 per cent glycerm stored at 2° to 4°C It is readily mactivated 
by 1 per cent hydrogen peroxide and by heatmg to or 

mmutes ,, 

Cultivation. T muns can be cultivated m tissue cultures 
of mouse embryo brain or m the chicken embryo y a an oic, 
yolk sac, or chorio-allantoic membrane inoculation 

Transmission. The virus is ehmmated m the feces and ttis 
constitutes the usual source o£ the virus which is sprea o o er 
susceptible mice It has been reported that the virus is presen 
mainly in the small mtestine and that the virus conten o e 
ingesta is about 10 times greater than that of the a jacen in 
testmal wall The vmus is found m the central nervous system 
of paralytic cases but not m the “earner animal 

Characteristics of the Disease. Encephalomye itis or po 
myehtis of mice closely parallels human pohomyelitis m many 
respects, and so has been fairly well studied for at reason 
human pohomyehtis, this disease of mice is characterize ^ ' 

testmal infection, with a few mdividuals exhibitmg 
symptoms In infected stocks of mice, a high per , 

auunals become intestinal carriers with about one in a 
becommg paralytic The paralysis observed in this is 
flaccid type mvolvmg the hind legs However, 
without showmg paralysis The virus has been found m wdd ^ y 
auce and kangaroo rats housed near white mice w ic 
ners . 

Patliological Changes. The pathological changes are s 
lo human pohomyehtis There is necrosis of gang 
flic anterior horn There may be inflammatory .,f„.„ous 
perivascular and focal leucocytic infiltration m the cen r 

system ,, 

Immunity. Recovery from mouse pohomyehtis usu y ^ 
iramumty to the disease, but the virus may persist m th 

•flcntiHcation of the virus It must be differentiated from othe 
viruses which infect the central nervous system of mice 

Ibollcrella tescheni 

Common Name. Teschen disease virus Enccphalo- 

Disc.Tse Produced. Teschen disease of swme 
mschtis of sivmo riK eumca 

Hosts Affected. Domestic and Mild 111100 i . • 

P'Es. rabbits, monkeys, and hamsters are 
Historj and Distribution. The first 

pubhshed b> Trefney in 1930 and it occurred near the tom 
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Teschen m Czechoslovakia. Klobouk, in 1931, was the first to arti- 
ficially transmit the disease and demonstrate the etiology as a viims. 
The disease is reported to have spread rapidly throughout Czecho- 
slovakia and in 1938 it spread to Germany, Austria, Hungary, 
Yugoslavia, Switzerland, and France. The disease is not known to 
occur in the western hemisphere. 

Properties ol the Vin\s. Horstmann reports the virus to be 
10-15 mp as determined hy filtration studies. It is resistant to the 
effects of penicillin and streptomycin, to ether and to drying. It is 
destroyed hy exposure to a temperature of 70°C. for 30 minutes. 

Cultivation. Teschen disease virus has been propagated only 
in susceptible swine. Attempts to adapt the virus to experimental 
animals, clucken embryos, and tissue cultures of minced chicken 
embryo tissues have been imsuccessful. 

Transmission. The virus is transmitted by contact. Experi- 
mentally the virus will reproduce the disease if inoculated intra- 
cerebrally, intranasally, or orally. The virus is shed in the feces. 

Characteristics of the Disease. Teschen disease most often 
attacks young pigs. An incubation period of 4 to 28 days Is noted 
in artificially infected pigs. If the virus content is high in the 
inoculum, the incubation period is short — 6 days — and becomes 
longer as the virus is diluted. First evidence of the disease is a 


temperature increase, 104®-106'*F., followed by stiffness, ataxia, 
tremors, convulsions, and prostration. Death follows in 3 to 4 days 
in many cases. The mortality rate ranges from 50 to 70 per cent 
hut may reach 90 to 100 per cent in some outbreaks. 

Pathological Changes. There are no macroscopic lesions char- 
acteristic of Teschen disease. Microscopic changes are found only 
in the central nervous system. A striking resemblance between 
the histopathological changes of Teschen disease and those seen in 
human poliomyelitis has been reported. Degeneration of nerve 
cells, perivascular infiltration, and glial proliferation are most 
common. Cells of the anterior horn, particularly of the lumbar 
region, ate markedly affected. 


In^unitj’. Many of the animals infected with Teschen disease 
^d which do not die may fuUy recover, although convalescence 
IS prolonged. Immunity results from such an attack. A live vac- 
cine as een used for the prevention of the disease with good re- 
tissue of an arlificiaUy infected pig 
IS administered intramuscularly. Limited work on the com- 
diffe^r..^ strains has not revealed any pronounced antigenic 


pseul “dJused with hog cholera, 

^ S;uhaimc pert^ nutritional deficiences. The isilalion of 
an encephalitic virus which is not neutralized hy anil-hog cholera 
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serum and which does not infect any host except srvine, should b 
suspected as being Teschen disease virus Further comparison with 
known strams of Teschen disease would be necessary m order 
positively identify it 
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The Genus Formido— 

the Rabies Group 


The Genus Fonmdo composed of viruses which involve the 
nervous systeni only The generic name Formido is from the Latm 
meanmg a frightful thmg 

Formido inexorabi/is 

Common Name Rabies vmis 
Disease Produced Rabies 

infee”rRe^teld'th“S^tcI^^^^^^ experimentally 

recoSl‘e7srce ^ci“"e; ^ 

as 500 BC m dogs The relationshin 'described as early 

rabies was recognized m A.ti inn ^ ™™als to human 

wounds was recommended '^“‘erization of dog-bite 

dogtf ^ 

mfectiousness of the disease wa^ « ^ 

on dogs were instituted m the ‘^^a^antme measures 

f 1826 Consequently, these countrf^T^ countries as early 
disease for over 100 years ^ 

The classical work nf ‘P-sc* 

that the vims could be modified 1880’s, which showed 

wthout the hazard of produeme the d Produce immumty 

m medicme P'-°Pneing the disease is one of the rmlestones 

Although Pasteur hail t - 

rabiK was smaller than bacteria”^^ etiological agent of 

Berketeld filtrates of hram t.^f " ^at 

Nep-i des^bed mtracyCw '1^ ” W03, 

relh of rabid animals, which are of ? “ m the nerve 

mduaion boies known as bL7®“'‘= significance These 

^em have been periods m SiTtr m rabies 

“ areas, but the -W u^SJv =P-°°‘-‘= 

y IS enzootic or sporadic 

r750] 
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m occurrence Rabies is distributed generally throughout the 
world, but the British Isles and the Scandinavian countries have 

been free of the disease for many years * icn w... 

Properties of the Virus. Rabies virus measures 100 to 150 mg 
m diameter It will pass all grades of Berkefeld fi tera, a o a 
ler and Chamberland types, but the virus is retamed by Seitz pad 
The virus is killed by exposure to 70“C for 15 mmutes, but if drie 
It may withstand 100°C for 2 to 3 mmutes The virus is preserved 
in 50 per cent glycerm for about one year an y reez 
more than one year Quick freezmg followed by desiccation pre- 
serves the virus, but it is attenuated by slow drymg 

Ultra-violet radiation rapidly destroys rabies virus 
chloride, formalm, acids, and bases readily mac iva e , 
Phenol, chloroform, and ether are effective but require considerable 

time to kill tlip 

Sulfonamides, pemcillm, and streptomycm o no x-j 

virus and are frequently used m its isolation from contaminated 
materials , , 

Various strams of the rabies virus have been s , 

a their pathogenic properties and m the ® deserfbed 

constituents, but distmct antigemc types have not been d 

There are two types of the virus which are ^ell-kno^ Street 
virus IS the rabies virus as it occurs m nature iie „_g 

laboratory adapted virus which is developed by con 
of a Street stram by bram to bram moculation in an , . 

as the rabbit Street virus m the rabbit usually as an 
period of 15 to 21 days As fixation occurs through ’ 

acubation period becomes progressively shorter un i i 
“Hxed” at 6 to 8 days Strains of street virus vary “nf erably m 
their ability to become fixed Some become fee i -Upcome 

'Vhile others require 50 or more and stiff others do 

at all Ordmarily, the more virulent street strams 

apt to become fixed m a few passages -Unrlened 

Fixed virus is also modified m other ways a . . 

incubation period It multiplies faster and a grea er ability 
virus IS found m the bram tissue It also loses most o 
to form Negri bodies and becomes less virulent or 
than the one in which it has become fixed -ffpct a 

Fixed virus is quite stable and it is very cu , j„ 
change back to a street form Fixed virus is used almost exclus 

for vaceme production o„Hiires 

CulUiation Rabies vims can be cultivated chicken 

composed of bram from the embryo rabbit, mouse, * , 

^sponded m Tyrode’s solution, semm, and plasma 

Chicken embryos are mfeclcd irregularly, u are 

^ adapted to grow successfully though no spec 
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produced Infectivity for animals is reduced by cultivation in chicken 
embryos 

Transmission. The transmission of rabies is almost invariably 
through the bite of an infected animal The fact that the virus 
IS eliminated in the saliva is of great significance, and unless saliva 
IS mtroduced beneath the skm, the disease is seldom transmitted 
^e virus has been demonstrated in the saliva of dogs 3 to 8 days 
before the onset of symptoms However, it has also been reported 
that only about 50 to 60 per cent of the mfected dogs shed the 
viims m the sahva Rare cases of rabies have been reported where 
only clawing OTd scratchmg occurred, or where the skm was con- 
tammated with saliva 


and sahvrT.‘\'r°"‘ “"«n‘'-ated m the central nervous system 
the bodr’ if ' “ 'J'n’onslrated m various organs of 

The ant-als 

of rabies vin ^ ^ important animal as a disseminator 

camivom Z' f ‘a 

States foxes and W transmit the disease In the United 

animals are somp^^ the most commonly involved Tliese 
animals responsible for mfectmg domestic farm 


domestic animalT and^ ^ Paralytic form of rabies in 

Pire bats which carry the virus Wood-lapping vam- 

and man, especialj^children Th.^ animals 

described m Brazil and Mexico^ situation has also been 

brain of msectivti^l^^^’ts^ Th^ isolated from the 

attack human bemgs on a m ^imals have been known to 

^ The mcubation p^LaTLT 

In general, the greater the m eases of rabies is variable 

'\ound the shorter is the in ^4 ^ virus introduced into the 
wound IS also correlated the 

s^miptoms occur Virus introdno A ^ of mcubation before 

dangerous and requires a lone on the legs is less 

nummum period IS lol' thf: period In Lgs, the 

^ ong as SIX months In' man to 60 days, but may be 

e ween 1 and 3 months, with iho of mcubation vanes 

Charactcrislics of the Disease “f 10 days 

test m one of two forms furious 

Furious rahies in animals-ZT f, P™>y‘‘c types 

fptt^o ShTS " 

tZ f “Pi-cvokcd^.Z depraved 

g^rp'^Z^’ “eesswt^X"?' ^->0- -andermg some- 

staggering, general n l”’ voice, pharyn- 

general paralysis, and finally death 
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Death usually occurs within 3 to 4 days after the onset of symp- 
toms. There are probably no recoveries in natural cases 
although some experimentally inoculated animals may show an 
abortive type of illness and recover. The dumb or 
of rabies is frequently observed in animals inoculated feed 

virus, and is occasionally observed in other animals with street 
VITUS contracted under natural conditions, nima s s ow 
type usuaUy show a short period of excitement which is followed 
by incoordination, ataxia, paralysis, dehydra ion, an 
weight, followed by death. 

Pathological Changes. The P'^thological changes ^e not m 
in rabies. There are degenerative changes in the ce _ are 

accompanied by hyperemia and edema the , £ £j^ 

also leucocytic infiltration and “cuffing” of the blood vessels of the 

^'“The Negri body (see Fig. 50.1) is an Jee'in 

inclusion body found only in rabies and is of grea ®*Sn 
diagnosis. Although the Negri body is patho^oroomc o > 

its precise nature is not yet established. It varies " 

0.25 to 20n, is round in form, and typically has an inter g 

Various investigators have described the 
protozoan parasite, colonies of the virus, and a reac i Vnorm 
the cell. Although the composition of these bo les 
their significance in rabies is undisputed. from 

Immunity. The fact that there are virtually no recoveries from 
rabies has no doubt been an important dri™g ore yggpect 

amount of research on this disease and particulm: y 
to immunization procedures. Pasteur, with the assistance of Ch^ 
terland and Roux, in 1884, showed *at J^^^e 
against rabies by injecting suspensions of ‘^rie aP Pasteur made 
rabbit infected with the disease. In the nex y , 
the historic injections of his vaccine into a 
bad been exposed by the bite of a rabid dog, a 
given credit for saving the boy’s life. versons have 

In the years following, thousai^s o quite 

received antirabies vaccine, and the results have^ be™ 
satisfactory. Although several ^ trfatment” is still 

vaccine have been made, the name « ♦r#»ntment. Many 

usually apphed to any human untira ic vaccm of 

rabies vaccines have been prepared for u 

this disease, some of which are as follows. , . nre iniected 

Desiccated cord or Pasteur type vaccine. lulled and 

subdurally with fixed virus and in G to 7 days t y 
the cords are harvested intact. They are cut into 2 or 3 piece. 
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placed in jars with potassium hydroxide for the required desic- 
cation and incubated at 23'^C The loss of virulence parallels loss 
of moisture from the cord 

Originally, Pasteur started with injections of cord dried 14 
days and gave dailj injections with progrosswely loss attenua- 
tion until 1-day cord was given on the llth day In recent years 
7- to 8 day cord is used at the 
beginning and 2-day cord at 
the end The number of in- 
jections vanes with the ex- 
posure Cases with least nsk 
may bo treated for 14 days 
v^hilo those more severely ex- 
posed are treated 21 to 25 days 
Phenolircd type Exam- 
ples of this typo are the Fermi, 
Semple, and Umeno-Doi vac- 
cines The phenolized type of 
vaccine has been widely used 
in both human and veterinary 
niedicinc In the preparation 
of this vaccine fixed virus is 
inoculated inlracerobrally mto 
or goats and then- bra.n such as horses, rabbits, 

reached the last stages of tho removed when they have 

but ordmanly this typo of nr Technics of processing vary, 

pens™ ^.uh 0 5 pefeeni Z "T P" ^ram Zs- 

37°C IS allowed for the phenol to 1*11 n? ^ of 30 days at 

rjsk involved the frequency, duration^aod'd^ Depending on the 
the human treatment In anim i ’ may be varied in 

administered yearly m dogs Tf ^ P™P>’yIaelic dose of 5 ml is 
increased ^ ^ “ '“"'ak are exposed the dose is 

Chloroform treated tme Koh i, 

foa single injection” immimijt™ P>^epared a killed vaceme 
^epared by the subduraTm^o" “of ^ - 

^ brain and cord are harvested and * w"* rabbits 

‘■a^ue to 2 ml sahne, and^hen ■" aaline, 1 gram of 

a^id The mmule™ Momf ™ ”-*e 1 per 

^ B shaken each day ^ "■ “ ‘'"''■‘Eei-ator for 2 weeks 

has been report?d“°" ^Pfgen.city of this type vaceme 

S-‘t tr rdd; tis eo.workers found 

' -=‘-kmedits.m„nniLgXeftieT'¥^rf 

ne technic of prep- 


eiu Pwrfcinie 

of bovine cerebellum v 540 
(Photo fay Benbfook ) 
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aration of this type vaccine has been modiBed by Hahel and others 
to produce a highly antigenic vaccine which is superior to other 
types of killed vaccines 

Ultraviolet rabies vaccine is prepared from the br^s 
animals which have been inoculated mtracerebraUy with feed 
Virus Vaccines of this type have been found suita e or s 
dose” immunization procedures 

Line vaccines. In some of the early work with rabies vaccmes, 
it was found that hve feed virus could be peripheraUy “ 3 Mted 
mto an animal without producmg the disease It was a o o s 
that the hve vaccmes were superior m stimulating immum ^ 
eral methods for the use of hve, feed virus vaccmes have been 
devised One of these is the Hoegyes vaccme which uses dilutions 
of the virus to keep it below the infective level as t e senes 
lections begm Usually a 1 10.000 dilution of the virus is used fi , 
and as the treatment is contmued, progressively lower dilutions 
are mjected until 1 100 dilution is admmistered at the end 
to 20 davs , £ 

The Harris method employs fixed virus m tl^ rSu”^^,mmum 
brain which is frozen, quickly dried, and powdered ® i 500 
mfective dose for rabbits is determined, and m large animals 500 
doses are mjected on the first day of treatment and *en ^ad’iauy 
increased to 5,000 doses at the end of 15 days In ‘ 

100 mmimum mfective doses m the begmnmg an 
1,500 Live vaccmes are quite antigenic and or ® there 

preferred by some over killed virus “"^HoilowmB 

have been some cases of feed virus rabies which occ ^ 

treatment, and this danger, though somewhat remote, 

Pomt agamst the use of this type of vaccme 

Avianized vaccme The adaptation of Hpvelonment 

the chicken embryo by Koprowski and Cox led to the d^elop-^* 
of a hve virus vaccme It was found that a stram of 
designated as the Flury stram, was altered m its p 
after its adaptation to the chicken embryo After ^ 

passages the virus was no longer pathogenic or r rabies 

if introduced extraneurally However, it would still p 

If miected mtracerebraUy After 180 or ^ ^“thogenic 

^ IS further reduced m pathogenicity, bemg nonpathogen 
'rhen mjected mtracraniaUy, except m sucklmg mice 

Avianized rabies vaccme is reported ^ f’® g 

when mjected mtramuscularly into dogs common with 

advantages It possesses high antigenic P™?® ooco-naralytic acci- 
other hve vaccmes There is no danger from n , nerv- 

^cnt, which occasionaUy occurs with vaccines prp ^ 

ous tissues Also, an immunity of longer duration is claime 
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Vaccine Potency Tests For many years no satisfactory test 
for potency of rabies vaccines was available In 1940, the Habel 
mouse test was adopted by the U S Bureau of Animal Industry 
as the official test to be applied to all rabies vaccine products to 
be used m Vetermary Medicme In 1948 this test was adopted by 
the National Institute of Health for official testmg of antirabic 
vaccmes for human use Habel considered that a satisfactory 
vaccme should stimulate immunity which would protect against a 
challenge dose of at least 1,000 lethal doses 


To conduct the test, a standard challenge virus is essential 
Killed vaccme to be tested is diluted so that the moculum con- 
tains 0 5 per cent of the origmal bram tissue A 0 25 ml dose of 
the diluted vaccme is given every second day for 6 doses At the 
end of 14 days the vaccmated mice and an equal number of con- 
trols are moculated mtracerebrally with the challenge virus The 
number of deaths are recorded and LD „ end pomts are calculated 
for the vaccmated mice and the controls The number of protective 
doses are determmed by comparison of the LD.o end pomts of the 
te tested with the same technic ex- 

c£ thl nnr li ,?"i° f 

of the uniform 0 25 ml as for killed products 

the face, eccaaional deX ^ 

“^ol^^:t?ar pS r 

faiU in easea in which the u>c„hat.o„ ^^d'-wtld 


Occasionally, death resulb? r 1 nt-.»« 
and human beings, due to an ascendm7^'''^T 
virus cannot be recovered from th*. t ^ rabies 

have been advanced to explam Several explanations 

Some believe they are the re^nili r ^ *^®^^o-paralytic accidents 
m the vaccme — and there is an a killing of the virus 

Others suggest that they are virus rabies 

'\hich continues after antibodiec A *. ' i *^®Senerative process 

MOW usually taken is that of hvtier. However, the 

the repeated injection of hrai^tissn^'ni?*^’ Hp™ 

“ 'issue specific rather than host o “irvous tissue, which 
individuals antibodies to S o^‘ ” P^^ain 

'hen are thought to be responSla f .a ""'ibodies, 

nerves and paralysis and d^h domyelinization of the 
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These accidents occur more often in persons receiving more 
than one series of antirabic treatment and m ose w 
allergic tendencies. The allergic theory has been ^ 

research which has shown that the substances r esponsi e 
paralysis can be removed from vaccines by various ca ci 
by extraction with benzene, or by differential 

Immune Serum. It has been shown that antibodies to iab.es 
virus appear in the serum of animals followmg vaccina . 
antibodies are able to precipitate, to Hx 

to neutralize the rabies virus. Tests employing ese an , 

body reactions have been useful in following ° c -gi 

to vaccination. Several investigators have rep^^ e 
suits of immune serum in the prophylaxis of rabies. 

Habel and Koprowski and Cox hav\-P“’^'=VTbTMechon 
the protection of animals inoculated with rabies y 
ef hyper-immune serum. . . . 

Diagnosis. Accurate diagnosis of by animal 

m instances where human bemgs are definitely P 
bites. 

Demonstration of Negri dtmon^straton of 

‘0 die. Smears are made of the hippocampus and 
feain and stained with a differential f ^^^^Ne/ri bodies 

Giemsa (see chapter on Technics and Me ! • _j with hemo- 
ean also be demonstrated in paraffin sections stamed with hemo 

toxylin and eosin. +he 

It is not always possible *° per cent 

brain tissue of rabid animals. It is reporte „.,,idence of the 

infected animals fail to show microscop ^ gniount 

disease. In these cases mouse inoculation is u ' , mixture of 
of the brain tissue is emulsified in a ^ bacteria present, 

^eptomycin and penicillin is added to ^ J ^ 000 ^^d 5.000 

amounts of antibiotic used vanes of the 

units of each per ml. of material. Following ^ j^t^acere- 

™aterial, .02 to .03 ml. of the „ „irus is present in 

rally into 5 or 6 Swiss albino mice. H ra af paralysis, 

fbe inoculum, the raise will usually ^ow sy occurring in 

cpression, and dehydration in 6 to 16 days, ' Occasionally 

or 2 days following the .^^and inoculated mice 

Junptoms may not appear until 17 to 2 ^ ’ ,i,„m as negative. 

*ould be observed for 21 days before in 

Negri bodies can be demonstrated usua y . diagnosis is 
if the virus is present. In cases where eanj 



758 Veterinary Baeteriohgy ond Virology 

important 1 or 2 mice are sacrificed at 5 days and their brams 
exammed for Negri bodies 
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The Genus Reedella- 

the Yellow Fever Group 


Viruses of the genus Reedella or the typical yeUow fever group 
produce disease which is characterized by fever an necrosis 
tissue cells without vesicle, papule, or pustule 
spicuous nervous involvement These viruses exhibit a ig e r 
of affmity for hver parenchyma 

The generic name is Reedella, from Walter Reed, commem - 
rating the histone studies on yellow fever 

Reedel/o evagafus 

Common Name Yellow fever virus 
Disease Produced Yellow fever 

Hosts Affected Man Mice and members of the monkey fami y 
<an be experimentally infected 

Yellow fever occurs only in man under natura con 
Its occurrence is usually limited to the warmer c ma es 
tropical and subtropical regions, but at times it as een 
mto southern United States and, durmg summer month , 

^»d mto the middle Atlantic regions Ihe virus is 
mosquitoes This fact was dramatically demonstrated y 
Army Medical Commission to Cuba m 1901 un er _ii„,vcd 
“f Walter Reed Certain members of this 
themselves to ho used in experiments to prove t a j 
"hich fed on yellow fever patients could transmi e ^ 

The virus is relatively small m size, , mtnccrc- 

hi size It can be isolated from the blood of patients i • 
inoculations of mice Strains of the virus 
“''•-‘Pted to mice can be succc-=s{ully transferred ^ 

'mbtjo for propagation Chicken embryo ‘ ,r 

tcnsiv elj for immunization purposes during Wor 

t'edcllo vol/Ii 

Common Name Rift valley fever virus 
Hiseasc Produced Rift valley fever 
f75»I 
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Hosts ABectcil Man, sheep, catUe, and goats Experimentally, 
the monkey, mouse, ferret, white rat, and hamster are susceptible 
The horse, pig, guinea pig, and chicken have been found insus- 

' History and Distribution The disease Rift valley fever and 
the virus were described in 1931 by Daubney, Hudson, and Gam- 
ham A disease of sheep which occurred m the Rift valley, East 
Africa, became epizootic m that area A similar disease to that 
m the sheep was contracted by those who investigated the out- 
break as well as among the sheepherders who tended the in- 
fected flocks 

So far the disease has not been identified outside British 
East or Central Africa 

Properties of the Virus Reedella vallis is approximately 23 to 
35 m[.i in diameter It is able to pass all grades of Berkefeld and 
Chamberland candles 

Thermal inactivation of the virus occurs at 56° for 40 minutes 
The virus remains viable for 8 months m glycerin when 
stored at 4°C , 1 month in dried tissue, or 6 months m 0 5 per cent 
phenol 

Cultivation Rift valley fever virus can be cultivated m tissue 
cultures of mmced chicken embryo m Tyrode’s solution It can 
be readily cultivated on the chono-allantoic membrane of the 
chicken embryo In the embryo the virus produces hyperplasia 
and necrosis of the membrane Liver necrosis is noted in the 
embryo 

Transmission Reedella vallts is transmitted m naturally 
occurrmg cases by mosquitoes, and the virus has been isolated from 
these insects which have been caught m nature Infection has 
been reported in laboratory workers but the mode of transmission 
i\as unkown It is not transmitted among animals by contact 

Characteristics of the Disease The disease m sheep is char- 
actemed by hstlessness, anorexia, and prostration In the new- 
born lamb, the death rate may be high due to extensive liver 
necrosis Abortion occurs m pregnant ewes In man, the onset 
may be sudden after an incubation period of 5 to 6 days Symptoms 
are malaue, chilling, headache, and fever There may he extreme 
temperature curve is of the 
saddle-back t>pe Leucopenia is characteristic The disease runs 
a benign course with complete recovery m a few days 

Pathological Changes In amtnals, the chief pathological 
" 'a <■' 'he kver is most outstanding 

IvmnkTr petechial hemoirhagcs The kidneys, spleen, and 
lymph nodes may show minor degenerative changes 
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Immxmity. Antibodies are produced as a result of infection an 
are capable of neutralizing the virus There is no antigenic re- 
lationship between Rift valley fever vu-us and yellow fever or 
dengue A vaccme produced in chicken embryos is to proven 
the disease Immune serum is used to some extent in t is isease 
Diagnosis. A diagnosis of Rift valley fever depends upon isola- 
tion and identification of the virus by mouse inocu ation an seru 
neutralization tests, using known immune serum 
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Viruses of the mflucnza group induce disease primarily of the 
respuatory system The generic name Torpcio is the name of a 
Homan maiden who treacherously opened a citadel to an enemy 

Tarpeia afpfia 


Common Name. Influenza A vurus 
Disease Produced Influenza, “flu ” 

andham‘t*""‘‘f ferret, mouse, 

md ha^er can be experimentally infected Rabbits, gumea pigs, 
and rats show mapparent infection 

^toiy and Distribution. Human influenza has been recognized 

by Pftsrtrif etiob^Truit 

ergaiim L 1891 •"/'“'"rae, he first described this 

frot"Cc3icas:r:r:n^ 

Its role m fedtie In 931 ° ""‘f 

the virus of swine mfl„en„ "Perted on the isolation of 

phihe organism were respomible'^foTthe'd'*^ “ 
was cbnically similar to human mfl, * in swine, which 

Laidlaw, m 1933, were the firsi Smith, Andrewes, and 

human source These workere^rod.I^a'' virus from a 

ferrets by mjectmg throat washmv f””* v rt^P‘ratory infection m 
Since the first isolation and de ^ human cases of mfluenza 
tnunense amount of ZrriL '’‘= ‘"«'>'=t'ra virus, an 

disease '>«" Published on the virus and the 

Influenza is worlt? 

demic, It has been tao™ trn^"'“" usually en- 

1918 being the most severe It Pundemics, that of 

fte^orld’s population ^ “‘‘"tulud that up to half 

dea h of some 20 millioTp^'^*'^ “ outbreak, ^,h the 
aths occurred durmg fte 1918 Hutted States 550,000 

Properties of the ® f”"?'"uo 
ulplm have been reported as sSoo'^ “f Tarpeu, 

utu in diameter Most of the 
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elementary bodies are ovoid or spherical, but elongated forms 
have been photographed (Fig. 52.1) which appear to rea up or 
segment to form spheres. Influenza virus will pass Berkefeld 
and N, and also Chamberland L. and Lo, Alter candles. 

The virus is inactivated by exposure for 30 minutes at 56 C. It 
may be preserved by freezing and drying or freezing a one a ow 



X 4i,oog. Courtesy /v\urpny, rvw.*v.. 

Med. 74 596, 1950. 

temperatures Simple drying of the virus does not ^ 

more than several days unless it is kept cool an m a 
m which case it may survive for weeks in. 

The common chemical disinfectants are a e o e 
fluenza virus m the commonly used concentrations. 

Penicillm, streptomycin, or tyrothricin have no e 
the virus, so the first two mentioned are used to aid in 
m pure culture from hacteria-contaminated materials. 

An important discovery that certain 
hemagglutination was made by Hirst durmg his wor would 

''Urns It was also observed that specific '"’"’“"'I ^ virus 

completely inhibit the hemagglutination reaction animals- 

ogglutinate the erythroc>-tes of several 
however, chicken or human celts are used in mo c. ^ rnmneraturcs 
linating properties of the virus are not destroyed y 
-hich will kl the virus. Formalin-killed virus ^ P™"" 

''cmagglutmation The combination of virus j 

fot stable, and elution of the virus results upon s andmg The in 
'’••'Sbeen concentrated by absorption-eluhon methods^ 

Certain biolopical rraterials, such ns crR 

to inhibit viru*; hemapRlutination 
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A soluble solution (SS) bus been described m 
preparations It has the ColIowinB propcrlies the p-irticlcs 
Lut 10 10,1 m sno they are dented from the e ementary body, 
they are not associated with mfectnitj, tliey Mill not aggluUnatc 
erythrocytes or be absorbed bj them SS produces toxic lesions 
tthen injected into mice Antibodies to it develop after InfccUon 
but not aiter vaccination and it acts as an antigen m the compic- 


ment fixation test . 

Toxic symptoms have been desenbed following injection ot 
influenza virus into mice This is believed to be due to a toxin 
rather than to mere virus mulUpbcntion 

Cultivation Chicken embryos arc most often used for culti- 
vation of the virus The most sensituc method is amniotic sac 
inoculation and it is recommended (or primary isolation Allantoic 
cavity and chorio tdlantoic membrane inoculation are also used- In 
cubation at 35°-36®C after inoculation is profenble to 37°C In- 
fluenza virus may be lethal to the embryo m 3 to 5 dajs but may 
fail to kill Some embryos nil! show retarded development and 
microscopic lesions are pronounced in the opilhelnl cells of the res- 
piratory tract Certain strains of influenza virus produce typical 
pocks when inoculated m the chono-allantoic membrane Hemag- 
glutination tests of the amniotic or allantoic fluid are the usual 
methods of detecting virus multiplication in the embryo 

Tarpem alpha can also be cultivated m tissue cultures com- 
posed of chicken embryo tissue human embryonic lung or kidney, 
or monkey kidney cells Tissue cultures can bo used for the primiry 
isolation of influenza virus It is also possible to cultivate the virus 
m de embryonated eggs 

Transmission Influenza is essentially a droplet spread infection 
The virus is expelled into the air by persons in late incubation 
period or early stages o! the disease Direct contact with con 
laminated clothing or eating utensils may also spread the infection 
The disease is most prevalent m the wmter and it is thought that 
weather conditions are a predisposing factor The incubation period 
is 24 to 48 hours 


C^ractenstics of the Disease Human influenza usually begins 
with headache chills ache all over feeling and temperature m 
creases and there may be dizziness and vonution Cough develops 
which may last for many days There is a distinct leucopenia The 
ever lasts 3 to 5 days and recovery usually takes place in a week 
or ten days Bacterial complications sometimes occur Secondary 
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A number of vaccines have been prepared and used for active 
immunization, but embryo-propagated virus has been used most 

extensively for vaccine manufacture. , , r v • j 

Various methods of vaccine preparation include formalmized 
allantoic fluid, alum-precipitated products, and vaccmes prepare 
by concentration methods such as freezing an awing, 
speed centrifugation, and red cell absorption an e u mn. 
vaccines employ only influenza A, but bivalent an vac 
have been used in others. The PR8 strain of influeira A and the 
Lee strain of influenza B are commonly employe . e 
the use of vaccines have been varied. Some wor ers 
tive results, but more recent work with more concen ra e 
cines has generally shown a significant reduction m the attaclc 

Diagnosis. A diagnosis of influenza is based 
toms. More accurately it must include isolation o e 
chicken embryos and its identification by hemagglutination and 
hemagglutination-inhibition procedures. „ _t 

Serum neutralization and complement-fixation tests a 
some value in determining recent contacts or m following the im 
rnune response to vaccination or infection. 

Sw/ne influenza 

Van Rooyen has suggested the name Tarpeia 
priate for the swine influenza virus in honor of r. . ■ 

discoverer. However, there remains some dra t a ^ g 

fluenza virus is sufficiently diHerent from T. alpha to warrant 

of influenza in man, a similar disease was reco^iz 

Iowa by Keen and the name "hog flu” was ascribed to it. Sever 

ihvestigators attempted unsuccessfully to 

of the disease. In 1931 Shope studied the disease 

0 virus. This virus was unable to produce typica s\ , j^gnitc 

'Vhen inoculated alone in the form of a Ultra e. A 

illness, ■•filtrate disease,” was produced. In die '“me year Lewis 

nnd Shope reported the isolation of a ^nmopbilic organism.^^^^ 

Plnlus suis, which occurred consistently along wi clinical 

H-at these two agents together were responsible for the chnka 

^wine flu. Hemophilus siiis alone was found incap. P 

ihc disease. . t„ ihc 

Swine influenza is widely distribiUcd n"’™® * Britain, and 
United States. It also occurs in swine in Europe, Great Britain. 

Ireland. 
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Properties ot the Vinis The general properties of swine 
influenza virus are identical to influenza A (see Tarpeia alpha) 

The only diflerence between swme influenza and influenza A 
IS on the basis ol antigenicity and pathogenicity, however, even 
these diHerences are not always dear cut 


Co'MPAsisoN OT Swine Influenia anb Ikteuenza A Viruses 

1 They are closely related antigemcally They share antigenic components 
and more difference may be in quantity of these components than in kind 

2 Antibodies which react serologically with swine vims are widely prev- 
alent m man 

3 Antibodies which react serologically with influenza A have been demon- 
strated m swme sera and a natural infection due to mfiueiua A virus is pre- 
sumed 

4 Influenza A virus isolated from human cases is pathogenic (or swme by 
inoculation but does not spread by contact to other swine 

5 Immunization of animals with swine virus gives protection against the 
swme VITUS but does not regularly protect against influenza A 


Swme influenza virus possibly represents specially adapted 
strains oi human influenza A virus which are epizootic m swme 
Keen m his original description of swine influenza called particu 
lar attention to the occurrence of influenza m the farm famibes 
and swme on the same farm durmg the 1918 pandemic Shope and 
others have suggested that swme influenza virus is a persistence 
of the 1918 pandemic virus m swme It has been suggested that 
swme may be a source of influenza virus to man, but this has 
not been proved 

Cultivation Swme influenza virus can be cultivated m the 
same manner as mfluenza A Chicken embryo propagation is the 
most often employed A hi^er proportion of deaths of embryos 
occurs if H 8«is and the virus are moculaled together 

The virus alone can be transmitted to mice or ferrets without 
difficulty In these animals typical respiratory mfection is produced 
Transmission Droplet mfection is the most common method of 
transmission of swme influenza An unusual method of trans 
mission in this disease has been carefully studied by Shope He 
found *at the virus was latent m some swme and that the disease 
^Id be precipitated by mtramuscular mjections of H suts 
This was possible only m the fall and wmter months More ex- 
tended investigation found that the lungworm of swme may act 
to ^ virus and perpetuate the disease from one year 

also liin^ virus been isolated from lungworm ova and 

^hmgworm l^ae found m earthworms m the vicmity of 


hog lots Hogs which 


fesled wiib feed on earthworms then become in 

fesled with Junsi^omis nnij nt the seme time they are expened 
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to the swine influenza virus carried directly to the lungs by the 
lungworms. 

Characteristics of tlie Disease. Swine influenza is prevalent m 
the fall and winter months. It is quite contagious; usually dose to 
100 per cent of the susceptible swine become infected. Morbi^y 
is high, but the mortality is low, usually 2 per cent or less. e 
symptoms appear suddenly and there is fever, anorexia, extreme 
prostration, cou^, rapid respiration, and a peculiar ah omina 
breathing. The course of the disease is usually 2 to Q days wim 
rapid recovery except in complicated cases. There is sc^e o^ in 
fattening hogs and also reduced fertility in sows whic are re 
near the time of the outbreak. ^ . 

Although Shope has emphasized the synergistic ac ion o 
H. suis in producing swine influenza, Scott showed t a a as 
teurella could act in a similar manner but the disease produce 
not spread among swine. British workers have also suggeste a 
organisms other than H. suis could act in the same role. 

Patliological Changes. The pathological chrages in uncompli- 
cated swine influenza are confined to the respiratory rac . xu 
dative bronchitis and bronchiectasis with extensive pulmonary 
consolidation and atelectasis are characteristic. Leucopenia is a 


constant finding early in the disease. ^ 

Immunity. Animals which recover from swine 
resistant to reinfection. Antibodies can be demonstrated in 
Serum. , . 

Artificial immunization with chicken-embryo propagate 
bas been tried experimentally, but has not yet come in o gene 
use. 

Diagnosis. Clinical diagnosis of swne influenza is ortoar y 
^ade. For accuracy, isolation and identification o t e virus 
embryo inoculation,’ by hemagglutination, and hemagg u ina i 
inhibition tests should be done. 


lorpeJo beta 


Common Name. Influenza B virus. 

Disease Produced. Influenza B. 

Hosts Affected. Man. Mice and ferrets can be expori y 

infected. ^ 

History and Distribution. In 1940, Francis Lsolat^ an jnfluen^ 
virus which proved to be immunologically distmct from 
^ In addition to its occurrence in the United States. .1 has been 

"cham‘c"tcrkUcs"ot Influenza B. Tarpeia beta is 

to Tarpeia alpha in Its properUes. It is not ns w.del, dls- 
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tnbuted nor is the disease produced as severe. Otherwise, the two 
viruses can not be difTerentiatcd except on immunological bases. 

Influenza B has been incorporated in many of the recent in- 
fluenza vaccines. 

An influenza virus isolated by Taylor, also by Francis, Quil* 
ligan, and Minuse, differs from cither A or B typos. This virus 
has been designated as influenza C. Van Rooyen has suggested the 
Tarpeia alpha subspecies laijlon for influenza C virus. 


Tarpeia premens 

Common Name. Common cold virus. 

Disease Produced. Common cold. 

Hosts Affected. Man and chimpanzee 

common cold m man is initialed by a virus, with various 
con ary octeria being responsible for many of the symptoms. 
^bleT.: a of Bcrkefold filters, is ca- 

voluntoers^^T^^'^^^ ^ 0 disease in a majority of susceptible human 

prop^ation m chicken embryos has aUo been reported, 
contact and“dro^et°tramkr! 

fecUons of the^mMik'*'*^ '>cnign unloss secondary bacterial in- 

staph“ococc!;^i°rrptocr::- p— °-ci, 

quenl secondary tavaders ’ organisms are most fre- 

produSn’o^; ““a'c^ttrs^ZXJtTf a'cTld“'““‘‘“'^ 

Vaecmes in which the 


concreted have been used with JltTss rM: 

Cold virus docs not atfcct animals, except .he chimpanzee. 
Tarpeia felis 

Hosts Alfected. 'fislemper 

family, such as tiger, lion, ^elorieo”'’'^'’ “f 

lively susceptible Insusc<i™l p T^ard, ly„x, puma, are rela- 
Pig. moi^e, rat, dog, ferret >"dude the rabbit, guinea 

described" byXdlf*d”™a^'^^^ /c& was first 

° etioloCT ^'f8® =‘"8 Christoforoni 

■ Tie disease is wide-sprea^^^™' ‘'““ff® were not 
occurring in Great Britain, 
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Europe, South America, and the United States. In addition to losses 
in domestic cats, heavy losses have been suffered m zoological 
gardens in wild animals of the feline family. 

Properties of the Virus. The virus of fehne distemper will 
pass Berkefeld N and Chamherland Ls filters. Storage o e viru 
in 50 per cent glycerin will preserve it for 3 wee s. 

Critical studies to compare feline distemper 
leucopenia virus have not been made. Blood stu les y 
and Findlay failed to show any characteristic blood chang 
feline distemper, while an outstanding characteristic o pan e 
penia is the marked reduction in circulating leucocytes. 

Several authors consider these two diseases to be identical, 

however. , . •u«c.t 

Cultivation. Tarpeia felis has not been cultivated m any 
except the susceptible members of the cat family. 

Transmission. Feline distemper is a highly 
of cats, the infection being easily transmitted by rop 

Characteristics of the Disease. The sympto^ of 
temper are high temperature, eye and nasal discharg , 
loss of appetite, diarrhea, and respiratory distress. cnme 

Mortality rates are high especially in young ^ 

animals may die suddenly without showing any pronounced y P 
toms. . ... 

Pathological Changes. Lesions of the " 

not marked, but there may be congestion of some - 
always some involvement of the intestinal trac . a ,_„ej.e 
date is present in parts or all of the small in “ , 
oases hemorrhage and sloughing of the mucosa is o se 

No characteristic blood changes or cell inclusions ha 

Immunity. Recovered animals are immune to 
tor life. Immune serum is helpful in protecting exposed cats but 

it is of less value in treating sick animals. based 

Diagnosis. A diagnosis of feline distemper shoi^ld be 
on clinical symptoms, blood studies, and cross ^P 5 ;nee 

differentiate this disease from panleucopema of c. ' ^ 

. . . e !«; consicierca a 


of respiratory symptoms in feline distemper is 
fercntial characteristic. 


1‘orpeia vifulae 

Common Name. Pneumoenteritis virus. 

Hiscase Produced. Pnoumoentcritis. 

Hesls Affected. Calves. Experimentally mice. 
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History and Distribution. Although the pncumoententis s>n- 
drome had been recognized clinically for several >ears and a 
number of bacteria ascribed as the causal agent, Baker, m 1943, 
was the first to isolate a virus The isolations made b> Baker are 
apparently the only ones reported in this country and there have 
been none outside the United States 

Properties of the Virus The virus of pncumoententis will pass 
Berkefeld N filters It can be preserved by freezing for 1 week 
but does not survive more than 4 weeks Lyophilization presen’es 
the virus for about 4 months 

Cultivation The virus can be maintained b> passage in mice, 
but has not been cultivated by any other means 

Transmission The pneumoenlentis virus is present m the 
lungs and mtestmes, and contact with excretions from these 
sources is probably the means of natural transmission Artificial 
moculation mtranasally into susceptible calves and mice will re- 
produce the disease 

... “ “I Disease The first symptoms of disease 

firnt mh 1 'noeulation Increased temperature is the 

plturt r Je^ ‘ho .nituil tern- 

t.on!sTo7ed'°'“’'"^ ^ ■' haeterial infec- 

portioii*ofX°Lrte''nof bbra'rrthrr'^ oonsohdation of 

is found m the small mi ♦ and a catarrhal exudate 

lynipHno“‘^:rrs;“rrd%d“^^ Themesenterie 

refractory to^artiHral moZhbm'' 8^'’''%'^ 
neutmUzes the virus but is not alwayT colXe''""'’""' 

strat.o”heV^bT - -ade by demon- 

matenal ™ “oculation with baetena-free 

Torpefo canis 

Hosts Affeetei'Dog fori^rf <‘■^'=>=0 

-easel skunk, binturont and TL '™*’ 

^^ed as ^diseL^oTdogsT^E^^® distemper has been reeog- 
mg been introduced from l«h century, hav- 

e or many years, the cause of ^ ‘‘“‘'^hulion is world- 
' ‘h® disease was ascribed to 
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several different bacteria. Carre in 1905 found that filtrates o 
nasal discharges would reproduce the disease and propose at 
the etiological agent was a virus. The role of the virus as the pri 
mary agent has been well established for many years. However, 
secondary bacteria may be a factor in the natural disease. 

Properties of the Virus. The virus of canine distemper has not 
been studied to any extent with regard to its specific properties. 
Canine distemper virus is not resistant, being killed by exposure 
to 58°C. for 20 minutes, and by common disinfectants. Bindnch 
and Garlheer state that the canine distemper virus ranges m sae 
between 70 and 105 mp as determined by filtration through Grada- 
col membranes. It will pass Handler and Chamberland 2 
Field strains of the virus are preserved for at least ® ™ 

stored at 7°C. in oxygen-free nitrogen, for a year and a a^ y 
lyophilization and for 2 years when stored at —24 C. 


will remain viable for a month or two. 

Celiker and Gillespie, using egg-adapted distemp^ 
port the following effects of pH, chemicals, and heat. 
so^c. for 60 minutes or 55°C. for 10 minutes destroys *e “fe - 
tivity. Virus held at 25°C. is inactivated in 7 to 8 days, and a 
7 to 8 weeks are required to inactivate it. ■. rr f + 1,0 

The virus remains viable for 24 hours when the pH ot the 
suspending liquid is 4.4 to 10.4, whereas a pH of 4.2 or 
activates it in 2 hours. The virus is destroyed by 0.1 per cen 
formalin in 1 to 2 hours, 0.5 per cent phenol in 48 to 72 hours, . 
par cent chloroform in 10 minutes, and Roccal 0.2 per cent m 
hiinutes. . , , 

Cultivation. Canine distemper virus is ordinarily t 

y passage in sus ceptible dogs or ferrets. Haig, also Cabass 
have reported that ferret-passaged strains can e ^ 

»ow in the chorio-allantoic membrane of chicken ' 

significant lesions are noted until 9 or 10 blind 
^ade. Subsequent passages show increased thic ^ 

in the chorio-allantoic membranes. Material beyond theJSth 
passage fails to produce illness in ferrets but does produ 
uity to the virulent virus. . ... t„nsmis- 

. Transmission. The disease is quite contagious, average 

occurring by droplet transfer and by contact The averag 

‘ucubation period is four days. . acute 

Characteristics ot the Disease. Canine "“th;; 

infectious disease of dogs, foxes, mink, and occasiona y 
'urnivora. It more often infects young animals. 

^ Ibe symptoms include fever, diphasic <om- 

PPcUte, purulent conjunctivitis, and r im ■ there 

'^'■oture curve Ls characteristic. At the onset of the disc. 
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IS a sharp rise m temperature and a watery discharge from the 
eyes and nose This phase is of 1 to 2 days* duration and is often 
not obser\ed A second and sustained fever occurs about 2 or 3 
days followmg the first, and it is during this period that symptoms 
are most pronounced Secondary bcctcrial invasion may contribute 
to the symptoms and lesions observed Bnicclla bronehiscptica 
and Past multocida are organisms which may assume this role in 
some cases 


Some mfected animals will show skm eruptions which occur 
usually on the posterior abdomen and inner aspect of the thighs 
In other cases, the skm of the foot pads and the nose become 
very thick and hard This condition is called “hard pad disease ” 
A feature of hard pad disease is a demyehnating encephalitis with 
a high mortality This type of the disease was first thought to be 
due to a virus other than canine distemper However, Cabasso 
has compared the hard pad strains with those from a typical case 
of canine distemper and found them to be closely related, im- 
munologicaUy 

Some cases are abortive and mild, lastmg only a few days, 
With complete recovery 

Pathological Changes The pathological changes may vary, 
depending on whether or not secondary bacterial invasion occurs 
^i^lTT i“="^ pronounced Most 

memSant a "-o respiratory system The mucous 

Tx^te Iher “vered with muco-purulcnt 

STtSem ™nm , ° occasionally pneumonia 

ierms ?s 1 Camrrhal en- 

menmgitis " Oocasionally there are eneephal.tts and 

Inclusion bodies were e 

m 1908 and were consider^ at ftat hm T'''l a'""''’''' 
diseye Demonstration of mclusioS Hti ° ^ ^‘=>8"“tio of the 
the diagnosis of distemner Th»a„ i ' ‘mportant aid to 
found in epithelial cells and mau “re most often 

plasmic Epithelial cells of the'' ‘"'ranuclear or cyto- 

pelvis,andthelmme metir "“'“rV Wodder, kidney, renal 
the usual sites, although they mav oc^ *>’“dder or bile ducU are 
describes their occurrence m tissues Goss et al 

lunctiva and suggests the use ‘*'o ‘oogoe and con- 

iagnosis of canme distemper .n the^"^ “■'3 “> 

bodies of distemper may be f>n f j animal The mclusion 
btis fTortor uulp.s, ‘h-o of fox encepha- 

exammed occasionally rabies if only the brain m 

from canme dmernper are 
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Artificial immunization is widely practiced, and a variety of 
products and procedures are available. 

Passiue immunity. Serum from dogs which have been hyperim- 
munized by repeated injections of distemper virus is use u m 
venting the disease in exposed animals and to some extent ^ ® 
treatment of the sick. It is injected with live virus for active im- 
munization by the serum-virus method. Many serum pro ucers 
also hyperimmunize their dogs used for serum production agamst 
the common secondary bacteria. 

Active immunization. The method of Laidlaw an un in as 
been used with success. This method consists of the su cu aneous 
injection of formalinized virus of canine origin followe y in ra 
dermal injection of living virus of ferret origin two weeks later. 

Another method which has been widely used is the injection ot 
live virus followed by Immune serum 24 to 48 hours later. 

Others recommend two or three doses of killed vaccine spaced 


at 2 week intervals for active immunization. 

A live virus modified by continued ferret passage is also used 
This vaccine, called Distemperoid Vaccine, prepared y ® 
of Green, is ferret virus of 60 or more continuous passages, 

temper virus so modified is called distemperoid. It is ig , 

genic for ferrets and will also produce severe disease m ^ 

skunks, but is avirulent when injected into dogs an oxes. 
iection of distemperoid virus in dogs or foxes produces active im- 
munity to canine distemper. It has been further observed that the 
administration of distemperoid vaccine is of value in pre 
distemper in exposed animals as well as apparent cura ive ^ 
tics in sick animals. The effects of distemperoid virus are exp 
by the phenomenon of virus interference. It is theorized that aUot 
susceptible cells of the animal body are not ’cells 

if the modified virus can be injected and absor e y 
before the virulent distemper virus reaches them, these _ 
blocked” by the avirulent distemperoid virus and the 
strain, does not enter. , . v etatP nnd 

Distemper virus of blood origin is also used m ac- 

^'^ill confer active immunity. In this case the ose is ^ j 

cording to the size of the animal, with no 

Avianized vaccine. The adaptation of the ou"'”® . ^ 

^i^s to growth in the chicken embryo has made pos .He the 
yelopment of a live vaccine for use in the preven ‘o useful im- 
Smce its introduction in 1951, it has been accepted as 
"'unhing agent. , correlation 

Diagnosis. Canine distemper is radon of inclusion 

clinical symptoms and microscopic demons , ^ jr must 

bodies in the epithelial cells of the urinary or gall bladder. 
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be differentiated from fox encephalitis, Tortor vulpis, infection in 
foxes or dogs. 


Tarpeia viverrae 

Common Name. Ferret distemper virus. 

Disease Produced. Ferret distemper. 

Hosts Affected. Ferret. Dog, rat, mouse, guinea pig, and 
rabbit are not susceptible. 

History and Distribution. In 1934 an epizootic respiratory 
disease destroyed the entire stock of ferrets in the laboratories of 
Columbia University, N.Y., in the course of two months. Slanetz, 
bmetana, and Dochez isolated a virus and studied the experimental 
disease. 

MA viverrae will pass the Berke- 

• inactivated by exposure to 60®C. for 30 

for ^ viable for at least 4 months when lyophilized or 

tween ferret glycerin. No antigenic relationships be- 

shown ^ emper and canine distemper viruses have been 

tivated’Sr^'Slre™di°tlt^^^ 

eont|^^rfhmugh”omamto"eff^r' 

£erre£S.e taLtatbn‘rrio1 b ^ 

febrile diseas^wift dlpre'sston'^*' >= an acute 

lent rhinitis. In sol ’ ^';"i''"'^«vitis, and puru- 

of nervous involvement ^convulsions and other evidence 

Mortality is usually hieh 70 «« mo 
terial infection often accomna’n* t Secondary bac- 

Pathological ^Lngr crJr'”‘ 

P^ed by mucopurulent exudal^ =1? ‘“■'''‘nates accom- 

of the lungs are the usual er„s. some areas 

TOscopic changes are the cvtrml^**^^ most outstanding mic- 

bodies seen in the epitheliaTS]s‘^'t.'”'’ intranuclear inclusion 

glands, salivary glands, kidney renal i* tract, mucous 

mtestmal tract. bladder, bile ducts, and 


are me e 

in the epithelial 
glands, sahvary ‘ 

intestinal tract. 

hnmunity. A var./** 

from Mooted 'ferrets 'vS%mdurtlfeL!°"^'““'"* ’‘“S 


’>"= . ; immunity for’at'lea'st 

of the virus and S’daie^^Sio'*^"'’*'' ‘'■‘Ponds upon isola- 
^ cross immunity tests. from t • ^ 


^ canine distemper virus 
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Tarpeia avium 

Common Name. Laryngotracheitis virus 
Disease Produced. Laryngotracheitis 

Hosts Affected. Chickens and pheasants Other birds and lab- 
oratory animals are refractory to moculation 

History and Distribution. Laryngotracheitis was first recog- 
nized as a disease entity m 1925 by Beach, who reported in 1930 
that the disease was produced by a filtrable virus 

The disease is widespread m poultry throughout the Unite 
States and Canada It also has been identified in Australia and 


European countries 

Properties of tlie Virus. The size and morphology of Tarpeia 
duium have not been determined It will pass through Ber e e 
V and N filter candles eiror' f 

Heat mactivation of the virus occurs by exposure to 5 or 


15 minutes and to 75°C for 30 seconds 

Eive per cent phenol kills m 1 minute and 3 per cent creso 
and 1 per cent sodium hydroxide are lethal in 30 seconds 

The virus remams viable at 4° to 10°C for 217 days an in e 
dried state for 661 days It does not survive m the carcass ot deaa 
birds long after decomposition is evident 

Cultivation. The virus of laryngotracheitis can be cultivate 
“1 chicken embryos Chorio-allantoic inoculation is best since tne 
virus produces pock lesions and this fact is an aid m its er 
entiation from other viruses which attack the respiratory sys e 
cl chickens 

Transmission The transmission of laryngotracheitis is y rop 
ets from the respiratory tract which contain the virus an a 
baled by susceptible chickens Contammated food and water a 
P ay a part m transmission Recovered birds have era s ° 
barbor the virus for as long as 16 months, and are capable of trans- 
mitting the disease to susceptible birds j.cp-ise 

Characteristics of tlie Disease Laryngotracheitis is 
“1 adult and young adult birds More outbreaks occur in 
cud Winter months Symptoms of gasping and coug , g 

^‘ending Infected birds are depressed, and m aying flocks Jgg 
^duction IS sharply reduced and ceases entire y m s 
b. t '^‘ccase usually spreads rapidly and the ‘ ^ j-esults 

{ but death rates average about 15 per cen blood 

com occlusion of the lumen of the larynx or trachea 

and exudate i ,(„g 

, pathological Changes Lesions of ^aryngotracheit^ are^^ 

“ ‘he larynx and trachea There is marked hyperOT ^ 
Ecstion of the mucous membrane ot these organs These 
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are accompanied by hemorrhage, excessive mucous secretion, and 
caseous exudation Intranuclear inclusion bodies are described 
as occurrmg in tracheal epithelium 

Immunity. Recovery from laryngotracheitis confers immunity. 

Artificial immunity is practiced Live virus, usually embryo 
propagated, is moculated onto the cloacal mucous membrane The 
virus produces an infection at this site but does not involve the 
respiratory system Birds so vaccinated are immune to tracheal in- 
fection 

Diagnosis. Laryngotracheitis must be distmguished from in- 
fectious bronchitis and Newcastle disease, with which it may be 
confused at times Isolation and identification of the v’lrus in 
chicken embryos is most accurate (see Table 52 1) 

Tarpeia pulli 


Common Name. Infectious bronchitis virus 
Disease Produced Infectious bronchitis 
Hosts Affected Chickens 

Histo^ and Distribution. Infectious bronchitis was first recog- 
Hawn in North Dakota m 1931 

There was some confusion m nomenclature of the early 1930’s 

was tund Iarynsotrache.t.s 

Ta™ ^d was confined to the 

Schalk and Hawn IS ao4ed'^°to°i'h“d“ suggested by 

Infectious tirnn 1 , disease which they described 

ra^mg arrarof to u™tersr,''°'^ 

described elsewhere Canada but has not been 

ch.c2!'butTi°arorcrd‘'' '='= “> bnby 

between 65 and 135 mu m ace witb^ udeebous bronchitis is 
elementary bodies are «!nho ’ ^ average about 90mp The 

grades of Berkefeld candles filterable through all 

not resetant to heat and d.es Ta IhL'l,!'' ' Virus IS 

chemicals are lethal m 3 mmutes 0 ^]!.™° followmg 

cresol, formalm, Lugol’s solution phenol, 

ide, 1 to 1.000. or ^tassium mercuric chlor- 

t.on, ana 5 per centlSlH 1 to 10.000 concentra- 

emb^t‘‘ readdy cultivated m clucken 

changes m the mfee.edeX^ sTun;' preferable Outstandmg 

g of the embryo Ikese changes inaTn“f T 

® ”>“y not be evident m the first 
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passage but are almost always present by second or third passage. 
Embryo adapted strains become increasingly virulent for embryos 
on passage and the virus may consistently kill in 3 to 4 days tei 

inoculation, -i* j u 

Transmission. Infectious bronchitis is usuaUy transmitted by 
infective droplets from the respiratory system which are expelled 
by the coughing of sick birds. Food and water whic may e 
contaminated ivith nasal secretions may also play a part m trans- 
mission. The incubation period in artificially expose ir s is 


about 24 hours. . . , , , 

Characteristics of the Disease. Infectious bronchitis is of sudden 
onset and spreads rapidly, affecting the entire flock m a short time. 
Gasping, wheezing, nasal discharge, and distinct bronchial rales are 
characteristic. In older birds, the symptoms may be ess is me , 
but rales are definite, and in laying flocks egg pro im ion is^ r 
duced to one-half or more. Mortality may be high in 
but is negligible in older birds. The greatest loss in o er ir s 
in lowered egg yield and quality. 

Pathological Changes. Lesions are confined to 
system. Usually there is a clear mucoid exudate m the tracnea, 
congestion of the lungs, with bronchi entirely fill© > 

and the air sacs show a definite “cloudiness. 

Immunity. Birds which have recovered k 

chitis are immune. Chicks hatched from eggs laid by 
are passively immune for at least 2 weeks but are usually suscep 

tible at 5 weeks. , , , j tUo 

Neutralizing antibodies can be readily demonstrate 
serum of immune chickens. . , 

Artificial immunization is used to some extent in p 
of infectious bronchitis. Live virus is sometimes 
flock of young adult birds before they /™“^ocltd 

at 6 to 10 weeks of age. About 5 per cen o contact, 

and the remainder of the flock contracts of bird 

Immunity is produced with only a few losses in this g ^ 

Live virus which has been modified by “""y T,Td- 

passages is also employed as an immimizing agen . 



Virus 

Newcastle .... 

bronchitis 

^fyngolrachellis* ! *. 


No lesions 
jNo lesions 
[Thickened with 
pock lesions 


Lethal 48-72 hrs. 
Dwarfed 

No gross changes 
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ministered by spraying the birds with dried virus in the form of 
dust, or it may be sprayed as an aerosol or added to drinking water 
Diagnosis. Accurate diagnosis of infectious bronchitis depends 
upon the isolation of the virus and its differentiation from New- 
castle and laryngotrachcitis viruses Trachea and lungs from 
suspected cases should be removed and an emulsion prepared and, 
after addmg antibiotics, inoculated into embryos Allantoic cavity 
moculation is preferable for bronchitis or Newcastle viruses but 
chorio-allantoic moculation should be done in case larj'ngotrachoitis 
virus IS present If susceptible chicks are available, a portion of the 
inoculum mtroduced into the trachea will produce bronchial rales 
and other symptoms m about 24 hours if bronchitis virus is present 
If Newcastle or laryngotrachoitis virus is present the incubation 
period IS longer. 
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The Genus Tortor- 

the Generalized Infection Group 


Viruses of the generalized infection group pro name 

characterized by involvement of many tissues. e gen 
Tortor is from the Latin meaning tormentor. 

Torfor suis 

Common Name. Hog cholera virus. 

Disease Produced. Hog cholera, swine fever (uro • , . 

Hosts Affected. Swine. Wild hogs are susceptible to some exte 
end sometimes are inapparent carriers. as 

HUtory and Distribution. Hog <=holera was first recogmz^^^^^^^ 
e disease in the United States in 1833 in ti -pcounts of 

“f the disease in that state is not known. The 
‘he disease in England were in 1862, and 

spread over Europe and then to Africa. The nhologm^ agent 
was first thought to be Salmonella choleraesuis « P°= ^a^overed 
zella miiltocida, since cultures of these organis 
many typical cases and injection of them 
would frequently produce a disease w** ^ 

nnmunity experiments which employed bacterm against 

organisms showed that their use investiga- 

hog cholera. In 1903, de Schweinitz and Dorset filtrates 

«ons of the diseas; in southwestern Iowa 

Wade of swine body fluids would consistently repr fiacteria 

They ako proved that such filtrates were free 
hy cultural and by laboratory an entirely now 

was of great significance and quickly rvitnessed the pro- 

oncept of the disease. The followmg m process 

action of the first successful antiserum, an . scrum- 

of anti-hog cholera serum wumufacture an 

'■>nis immunization procedure were esta is • s^vine-raising 

Hog cholera is still most snrcacl world-wide 

orea. the midwestem United States. It has sprea. 

tZBI) 
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in all areas where swine are kept Certain countries, notably 
Canada, have been quite successful in controlling it by vigorous 
quarantine measures 

Properties of the Virus Ibe virus of hog cholera is usually 
reported as 30-35 mp or less m size The virus readily passes 
Berkefeld and Chamberland filters Thermal inactivation occurs 
by exposure to 55“C for 30 minutes, G0°C for 10 minutes, or m 
dried blood 72°C , for one hour The virus is destroyed in one 
hour by 2 per cent cresol, but solutions of sodium hydroxide are 
considered the most effective dismfectant Hog cholera virus is 
quite resistant to phenol The virus will survive long periods 
m contact with 0 5 per cent phenol and it is routinely preserved 
in th^ manner when it is produced tor unmumzation purposes 
The virus is resistant to aging it the temperature is low In 
sahne-glycerin solution at -IS^C , it will live for 5 years It 
tn meat products for months, and it is also resistant 

nroc^'r^a^ =”“’'■'>8 for at least G months Putrefactive 

processes destroy the virus in a few days, except m the bone 
marrow where it has been known to survive for 15 days 

of the virus is well known The 

pe^t^riaroramoLT'’'^""'’''' 

et el However defmL “f strams has been reported by Dale 
distmguished ' " ’’ove not been 

cultures e^foy v^mus^s^e T 
spleen,kidney, testicle^ and choice a 1 tissues such os lymph node, 
m swme tissues implimled on the cW ^.‘■°’’®8®“on is reported 
chicken embryos ’^«orjo-allantoic membranes of 

swme and it^spreaiSrLidly'Sd e ®,*“8h'y contagious disease of 
secretions, blood, un^e a ‘d T n^ ^ye and nasal 

disease and for a^emd her durmg the 

natural conditions contact will, *4^ symptoms are shown Under 
result m transmission Verv m secretions or excretions may 

SretttlutXl"^™ 

-n „ and 

Playmg some role m fhe'wa^ir'^’^, suspected of 

mental evidence has so far faded^ m hut experi- 

Pigs which havf» “icrimmate { 


Pigs which have recOTeT/f “ ‘he^e 

of^ ™=mation are possible dissenu??"'^^' Solera or serum 
"f ^uch annuals may remain ?' virus The urine 


' remain infective for ntl, 

® other swine for 20 to 30 
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days after inoculation with the virus, and the blood 

to contain the hog cholera virus for some time after injection m 

one instance, up to 10 months. _ 

Wild pigs are often inapparent carriers of the virus and so 

are a distinct menace to domestic swine. 

Other farm animals have been suspected of transmitting t 
virus of hog cholera. Jacotot, in France, has repor e ^ , 
cholera virus can be transmitted to sheep, goats, orse ’ ’ 

rabbits, pigeons, and calves by injection and by contact, ^nd tha 
the virus could be recovered from these anima an 
produce the disease in swine. Zichis, in this country, a so 
the passage of hog cholera virus through sheep an ca ves an 
to swine with evidence of its multiplication in t ese 
ever, neither of these investigators noted any symp oms 
in animals used except swine. . 

Transmission of hog cholera is not infrequent y ^ T-y 
mfected scraps of pork in garbage which is fed to susoeptMe 
pigs. Introduction of the virus into hog-cholera-free areas has 
occurred in this manner. . ... _ 

Characteristics of the Disease. Hog cholera begms a 
w temperature which reaches 106° to 107 F. an 
'mtil just before death. Depression, loss of appetite, s**® ® ’ 

incoordination, purulent conjimctivitis, and diarr around 

oharacteristics of the disease. Mortality rates are us „ ^ 

90 per cent in the United States and in Africa. In European 
countries the death loss is often lower. 

Hog cholera is frequently compUcated by ‘Ter 

Section. Salmonella choleraesnis is most 
organisms such as Past, mwltocida, Ery. rhusxopathiae, ° ' 

PHorus may he found. These bacteria may also comphoate the 
reaction period” of serum-virus immunization. in 

Pathological Changes. The outstanding patho ^ netechial, 
hog cholera is the appearance of hemorrhages, u ^ 

hut also ecchymotic in some cases. These may a^ kidney, 

"early all serous surfaces. Hemorrhages of the 
epiglottis, and epicardium are commonly note . 
lymphadenitis and a leucopenia are usual findmgs. severe 

Cases with secondary bacterial invasions may show sever 
enteritis, and even more extensive hemorrhages. ^ 

Inclusion bodies have been described by xhc 

^ilholial cells of the duct of the gall bladder "f "’’f 
■lemonstration of these inclusion bodies has been p P 
""nstituting a diagnosU of the immunizing 

Immunity. The development and use of 
Sonls for iiog cholera has been of inestimable 
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raising industry The production of anti-hog cholera products is 
in Itself a very large industry 

Active immunization is produced by the simultaneous admm- 
istration of live virus and serum from hyperimmunized hogs This 
method is widely used and confers lastmg immunity 

Simultaneous virus The virus is prepared by moculatmg pigs 
of approximately 80 pounds with the live hog cholera virus After 
5 to 7 days, when the temperature of the pigs is at its highest 
pomt, they are bled to death from the anterior vena cava The 
blood IS collected asepticaliy, defibrmated, and preserved with 
0 5 per cent phenol After satisfactory tests for purity, it is released 
as an immunizmg agent to be used along with antiserum An 
expiration date of 90 days from the date of bleedmg is allowed on 


Hj/perimmune serum Immune serum is produced from healthy 
hogs usually rveighmg 250-300 lbs, which are first vaccmated by 
Followmg a lapse of tune to allow the 
mtraver t^umty. the hogs are hyperunmmuzed by the 
weight Afte^'ll d”" 

Seed nf ’’ 'h® A"-' 

^rtVaseps^T^lXd^m of the bleedmg is with strict 
fibrmated A cmoiii ** collected and mechanically de- 

to pmduce hemaLr°“':‘ ‘hen added 

eryfhrocytes The cfea!'"“ ‘^"htates removal of the 

ated blood thmugh a SaLo ^^®hrm- 

separator The serum i <5 ^ similar to the ordinary cream 

Phenol m?LaX m Scutes 

added as a preservative"'^^ se concentration is 

purity as provided by the U S ^ potency and 

satisfactory tests hav*. Ko apartment of Agriculture After 

labeled Z is ready fo^:" T'’ "*"’' ^ hottled and 

the date of the first bleedmg b ^ 

Crystal violet vaccmccl 

violet vould attenuate the W ^'^l ‘hat crystal 

Its antigenic properties TheVr mrtb without destroying 
per cent solution of crystal of preparmg a 0 5 

disodium phosphate 100 mL of ^ solution of 

of defibrmated virus blood Tht 

“ days, V,th agitation once dailv m “ mcubated at 37»C for 
? Pi-oduces the disease a^d '‘“y® ‘he virus 

of ipunity Tvo doses ^ ‘he production 

"oek apart recommended to be given about 2 

Tissue laccine BTV n 

=<>y”‘<>n devised a vaccme for hog 
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cholera patterned after his anti-rmderpest vaccine for cattle This 
vaccine is prepared from lymphoid tissues of cho era-m ® 
and the virus is attenuated by 1 per cent oil of eucalyptol The 
period required for attenuation varies but generally ta es a ou 
weeks at refrigerator temperatures 

Crystal-violet and tissue vaccines are used m about the same 
manner They are used m unexposed hogs and two oses are 
recommended, to be given without serum The cost is ower an 
there is less tendency to “light up” secondary 
the serum-virus method An additional advantage is a 
vaccmes do not perpetuate the disease as does t e serum v 
method , , 

On the other hand, the hogs must remam 
disease durmg the period of immunity production, smce no 
immunity is provided The use of serum with these vaccmes has 
generally been unsatisfactory The immunity pro uce . 
vaccmes is not considered as durable, and hs 

receive additional mjections of the vaccme every o , , 
Lapim^ed hog cholera tnnis Baker m 1947, m 

adaptmg the hog cholera virus to the rabbit by e a 
sage technic It was observed that after ^.mmunoaenic 

the virulence of the virus for swine was lost whi e ® lanmized 
properties were retained Swine moculated wi 
Virus showed no symptoms following the mjec ion 
resistant to challenge by the fully virulent hog cholera 
rahhit-adapted stram of the virus has been successfully used as ^ 
mimunming agent for the disease It is produced m rabbits 
can be used with or without immune serum p for 

Although the lapinized hog cholera al that 

young and adult swme, it has been reported by congenital 
“ can mfect the fetal pig causmg edema, ascites, and congen 

Malformations , been 

Modified live virus vaccine The which has 

used in a smular immunizing product that emp y nathosemc- 
gone through fewer rabbit passages, thus retainmg 
>‘y This product IS produced m swme and is burvested m to t 
of blood and spleen emulsion This emu ‘°u ^ admin- 

ken reconstituted with distilled water ]us -j-Cnd bve virus is 
Oration of immune serum is necessary vhon modified 

Passive immunity. Hyperimmune ="um as a 

‘Ctive immunization procedures, but i • alone to confer 

'borapeuuc agent to sick animals or occasionally alone 

passive immunity for a short period suckling pigs b% 

Passive immunity is usually conferred 
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transfer of antibodies through the milk of immune sows This has 
been sho^vn by experimental trials as well as field observations 

Diagnosis Thp diagnosis of hog cholera depends upon the 
demonstration of the presence of the virus This can be accom 
plished only by mjection of blood or tissues from suspected cases 
mto known susceptible pigs It is necessary to protect other pigs 
with known anti hog cholera serum and mject a simila r amount of 
the suspected material mto them The suspected blood and tissue 
suspensions must be rendered bacteria free by filtration or by the 
addition of antibiotics such as pemcillm and streptomycm If tne 
pigs which received no antiserum die with lesions typical of hog 
cholera and those given immune serum hve a diagnosis of the 
d^ease ^ made Cultures of the moculum and of the dead pigs 
should made to exclude any role bacteria might play m the 
results Although this procedure is the only accurate method of 
diagnosis It IS obviously too expensive to be used as a routme 
procedure 

'’“dies as descnbed by Boynton 
^d so Blood counts which show distinct Icucopema 

IgToL •’“'pM “ 

Afncon Swine Fever 

nned by Montgomery in^lSlO^ 

fever (hog choleral anH h j ^ <hffermg from ordmary swme 
a filtrable virus m 1911 ^ ^ ^rmmed the etiological agent to be 

to thost'’or£g°'h^le^‘^ properties of the virus are similar 
duces a generalued iScctlm swine and pro- 

feld Chamberland “rSel^r ffli' ‘*^°“Sh Berke 

stroyedbyexposurc“40=C^T de 

preserved m 0 5 per cent nhe ^ •’““rs It is 

room temperature for 5*?R glycenn mixture at 

for 6 years storage m^r, '““d viable 

f ars hltle or no antigemc relaif™!.! fever Virus 

lever or American hog eholem^J^’”'’ '“'■er European swme 
CuUn ation McInto<?li i, 

tion of the Virus m chicken successful cultiva 

Pe f aUy rabbit adapW f„" “^ed virus which was 

® da^nlg an, tvere fbiyos nsed were 

^nsimssioru The transmissmt!^ f.F moculation 

rough ingestion Montgomerv m ° is considered to 

d’em in ccnUic. w.lh p.^ •’““'d’y P’gs and placed 

“ African swme fever and they 
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Properties of the Virus. Rinderpest virus will pass Berkefeld 
V and the coarser grades of Chamberland filters However, filtra- 
tion IS difficult since much of the virus is apparently absorbed into 
the filter 

Heatmg of the virus to 60°C quickly destroys it The virus 
IS fairly resistant to phenol In 2 per cent concentration, phenol 
fails to kill m 5 days but if glycerin is added to the mixture, the 
virus is destroyed in 48 hours One per cent phenol does not 
destroy the virus in 21 days and m 0 5 per cent concentration the 
virus may live at least 271 days Tortor bovis is killed by formalin 
and by chloroform The virus apparently does not survive long 
in nature after it leaves the host It is quickly destroyed by 
putrefaction 

Cultivation Rinderpest virus has been adapted to grow on 
the chorio allantoic membrane of chicken embryos No specific 
lesions are produced though some deaths occur 

The virus can also be grown m the yolk sac of 6- to 7 day old 
embryos, i£ the virus is first adapted to eggs by chono-allantoic 


transmitted through the 
nasll contammated with eye and 

large ’ 0 ^.? 

other rummants and swm:Xttfetmn trtLf T'" 

severe imd occurs less freemen, lyThal m cattle 

symptoms "by Tiky' oTtw^^Sir''"'*'? appearance of other 
depression, stupor, loss of annebtr'’*”"’^ marked 

muco purulent nasal discharge md d’ 

are hypercmic and show necrotic areas'”^^"'’ membranes 

cases running ° protn^lfrcourer MoSabl° ^ 
up to 90 per cent, but some animals 
PaUiological Changes The “ . 

the mucous membranre throneW Pf™™ change occurs in 

congestion, hemorrhage" There is general 

of the abomasum and in the month ulceration Ulcers 


Inimunitv^fn characteristic 

years and many immunizmg has been studied for many 

Recovered animals are tried 

AcUve immunity was first second attacks 

serum and the virus simultaneously Alth^*^ injection of immune 

ough this method was 


‘ --'"‘-consly AlLugrthm 
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successful, it was later abandoned because of the high cost of 
serum, because the use of live virus spread the infection to new 
areas, and because of the losses which occurred from protozoan 
diseases spread by injecting virus blood which was frequent y con 
taminated with protozoa. 

Chemically killed vaccines have been used with success. Boyn- 
ton’s tissue vaccine is prepared by the addition of p eno an 
glycerin to lymphoid tissues of cattle which have een 
lated with the virus. The mixture is heated to 42°C. and held for 
3 hours to accomplish attenuation. The final concentration o p eno 
is 0.5 per cent. * v 1 ’ 

Chloroform-inactivated vaccine prepared accordmg to i^elser s 
method has been useful in producing active immuni y. 
which have been inoculated with virulent rin 
sacrificed during the acute stages of the disease an e ym 
'tissues removed and finely ground. Chloroform ^ 

tissue emulsion to make 0.75 per cent concentration. After 48 hours 
the vaccine is ready to use. . 

Formalin-treated vaccine has been useful ’ 

especially in Africa. . _ fn- 

A number of specially adapted live yaccmes ar 
immunization against rinderpest. Desiccated goa sp ee .. 
graded doses is effective as long as the virus in it £ 

Lapinized and avianized rinderpest vaccmes were gj,ope 
adaptation of the virus to rabbits and to chicken ” 

Griffiths, and Jenkins of the American-Canadian Commi 
tag at Gross Isle during World War II. These vaccmes have been 
used and proved successful. . 

Diagnosis. In localities where the djse^e m 
rinderpest is diagnosed largely upon the clmical an p 

manifestations. . . - Jispase to 

Accurate diagnosis depends upon transmission o 
susceptible animals and specific protection of simi 
rinderpest vaccine. 

Tortor equorum 

Common Name. African, horse-sickness virus. 

Disease Produced. African horse sickness. . Mice, 

Hosts Affected. Horse. Mules are , j moculalion. 

and guinea pigs can be infected by mtracerebral mo 

ugs and goats can be infected. causes serious 

History and Distribution. African \ for several 

'“^s in horses and mules in Africa. It hi^ agent 

mturies in that region. The virus whi . jgop. The disease 

^ the disease was first described by M Fadye 
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does not ordinarily occur except in southern Africa However, it 
has been known in Egypt, and in 1944 it was identified in horses 
m Palestine 

Properties of the Virus. Poison has studied the virus of horse 
sickness and described it as spherical in shape and measuring 46 
mu in diameter It is filterable through Berkefeld, Seitz EK, and 
Chamberland filters 


The virus is destroyed by a temperature of 70®C. for 5 
minutes or 50®C for 10 minutes Slow drymg at room temperature 
ako IS destructive, but rapid drying at low temperatures has no 
effect on viabhty 

Plurahty of the virus has been established and must be con- 
sidered m munumty production Eight strams have been identified 
CuItivaUon. Tortor equorum has been adapted to gumea pigs 
mice by mtracerebral passage Such neurotropic strams have 
been cultivated m chicken embryos Neurotropic tendencies of 
the are retamed m the embryo smce nearly all of the mulU- 

^ No deaths or 

specific lesions are noted m the infected embryo 

It Afncan horse sickness is not spread by contact 

from i'" ^charges 

tha summer 

Mosquitoes IraDoed m li dtaappears after the first frost 

mosquitoes have been reported. ’’J’ artifieiaUy fed 

acutfo^tituS tehS: d IS au 

four forms T^eTuli„"ilt^"l’ one of 

to 105° to 106°F deoression"*Ii temperature mcrease 

large amount of serouT dischaige^S,Tih*’'^°'“"'' nnd a 

IS the subacute type with r cardiac form 

the head and neck Sometimes ° subcutaneous tissues about 
and cardiac forms occurs In pulmonary 

ashort period of fevered *====" “-Id with only 

m-e higher m the puCo^IT comphcatioii 

breaks mortahty may be 90^ In some out- 

be only 25 per cent ““t while m others it may 

Pathological Changes Tt 

sicWss are severe pulm™ai^ ed“‘ ™"™°n changes m horse 
“'■'^^i^cmcrrhage ^ edema, subcutaneous edema, and 

^e i^imeto,^™*„l^^* ^ recovered from the disease 
as a result of exposure to f “ntract the disease 

“nm of ddlerent anUgemc type Foals 



Tortor 791 


receive passive inununity to the homologous virus through colos 
trum from immune mares. 

A number of immunization procedures have been use . 

Serum-virus method of active immunization has been used 
but has been discarded in favor of other methods. 

Killed vaccines produced by heat inactivation or orma m 
treated have been tried. _ , . 

Live vaccine attenuated by intracerebral inoculation o 
and guinea pigs has been used. Mice are ordinmi y use or 
this purpose and a polyvalent vaccine is produced. is neurovac 
cine is reported safe and effective. 

Diagnosis. A diagnosis of African horse sickness is ma e upon 
clinical symptoms, lesions, and the absence of other ® 
as B. antfirocis or protozoan parasites. In cases suspec e m 
where the disease has been identified previously, iso atmn o 
virus by transmission to other horses and identification by protec- 
tion tests are necessary. 

lorfor equae 


Synonym. Tarpeia caballi. ■ 

Common Names. Equine influenza virus. Mare a o » u.-. 
Disease Produced. Equine influenza, “Shipping ever, 
tion. j 

Hosts Affected. Horse. Experimentally, newborn hamster an 
chicken embryo. , « 

History and Distribution. Equine influenza 
nized as a disease for several centuries. At times i ^ 

fused with other diseases, such as strangles in ye^sp 
®ase was proven to be transmissible by Dicker o , 
transferring blood from one horse to another, o filtrate 

produced the disease by intravenous injection o confirmed 

ff ui a stallion. Filtration experiments by Basset m 191 

existence of the virus. . ^;oiUr in horses 

Equine influenza is widespread, occurrmg espe military 

'Vhich are shipped and concentrated at sales, shows, or for milita y 

Dimock and Edwards in 1922 suggesmd ‘ 
vould be caused by a virus since no bacteria cou the 

“me aborted fetuses. In 1933 they succeeded m 

action by injecting filtered material from a United 

‘VU in mares has been reported in severa s “ Reports 

ales but more of the cases have occurred . „ from South 

°f equine abortion have also appeared m literal 

and Central Europe. . ihnucht to be a 

UnUl lO-lD the virus of equine abortion was 
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distinct virus However Manmnger in that year presented evidence 
to show that the mare abortion virus and equme influenza virus 
were the same In 1954 DoU WaUace and Richards also Doll and 
I^tner confirmed the findmgs of Manmnger and concluded that 
the two viruses were either identical or very similar 

T 3 ToTtor equae will pass through 

Berkefeld V and N candles The virus is not resistant to heat or 
disinfection Infectmty is reduced by fluctuations in pH of dil 
uents or temperature It is preserved at -70°C for at least 31 
months In dried splenic tissue it is infective after 29 days at 4^0 
il9 days at room temperature and 457 days at — 18°C 

Klalionship between the equme and 
human and swme influenza viruses 

nossibk c«lt,vat.on of equme influenza vjrua is 
thT tic™ 1 propagated m 

adaptedto tte 

m ‘h”bCd'‘rd?aSal’‘^hLgrTu^“Srd°'“” 

whfch Je Food and water 

“flection Artificial uistallat' **0^ discharges may transmit the 
result m inf«tmn T *0 nasal cavit.es 

There are proven cases of Irans*' ‘ransmission possibly occurs 
■ng breedin^g ' transmission from stallion to mares dur 

Pmg ore^™ro‘J2ni‘‘m m.l!attg“lteife" o^ottement of ship 

Charactenstics of the Disease Tl.. 
influenza ranges from 4 to 1 1 a e “icubation period m equme 
■baeaseis aeul r^Zlh M ^ days The 

increased respiratory and our " appetite depression, 

mtrequenlly there ^ e“ema o^"Zt "->1 discharge Not 
omtis and tendovagimtis may occur'^h'' ^“'^rut.s Ten 

fte eye may become lotenc membrane of 

Secondary bacterial mfeotion Tat byperemia 

or hemolytic streptococci ™“'t°o.da 

directed toward fliese “dluenza 

recovery usually results I- odult anunals 

eomphoations In young iSr^a^'f 7 days if there are no 
of"*® losses Purpura hemo ^ severe with 

“oniorrhagica may follow an attack 

“SS’m “ =‘“«ok of m 

"d by abortion m 28 to 33 .^s mHoenza fol 
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infective for at least two years when kept at room temperature, 
and Neitz has reported it viable after 25 years. 

Cultivation. Blue tongue virus has been adapted to grow in 
chicken embryos. McKercher reports that the blue tongue virus 
adapts more readily to the chicken embryo if chorio-allantoic inocu- 
lation IS used. However, satisfactory growth has been obtained by 
inoculation the eggs are incubated at 

u a " t 'i'o A ™'‘j™ty of the embryos 

will die in 3 to 4 days. The virus is difficult to adapt to embryos, 
owever, and it w^ only after eggs from riboflavin-deficient hens 
ancorr. 1 ? a** adaptation was successful. After adaptation is 
accompbshed, eggs from normal hens can be used. 

shee^‘'Tt"a°"'t®]“ *“ Susceptible 

cm facT a r *'’? °nes do not 

bl™7a * "It “'^'=“*'“ 8 a susceptible sheep with virulent 
aSstd'imec as lo'i.g ago as 1903 

Stlo be cl o' mosquitoes are 

trapped n nlurrl ‘^“smitting the infection, and mosquitoes 

in Srtlnd the 

eonsidered the most common vloT The f f'^ooi^^are 

and cattle and also the wild blesbuck In u 

out showing svmntnme J«ay carry the virus with- 

shown to retain the virus in teir ’’o™ 

inoculation and sheep for 60 du 'o“st 22 days after 

virus for some tme following taocltiol" 

with a temperature 16*2 to TSys 1“" ’’08“= 

show only the temneraturo ^ exposure. Some animals 

others will devalop the tvnical “1”’™ ^ui-^Wy recover, 
mouth and reluctance to eS^ sweul“'''a®’™‘”°'"= 
bps, and gums, eye and nasal dischiree ‘be tongue. 

Lameness is observed, caused by liw '™8bt- 
me coronary area. Mortalitv ratec tenderness about 

infected sheep. reach 30 per cent among 

The symptoms in cattle nr*. • m 
S ion, saUvation, chewing movem^ ’f' 

weight predominate. Nasal dkcli ^ mouth, and rapid loss 
nostrik with dried «’'= 

hyperkeratosis of the skin areas^erm^^^^*’'’- =<’“<’ cases 

fert ®™’bug and inflammation ^ ®’’°uMers, and tail 

feet md the teats of the udder are “"onary area of the 

n ''=P“8uce these lesions b^’ 'vere 

cattle r “ some severrf ““eulalion of 

rattle recover. a'verely infected cases but most 
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Pathological Changes. The principal lesions of blue tongue are 
found m the mouth and tongue They are character^ed by 
hyperemia of the mucous membranes followed by oss o epi e um 
Ulcers appear on the inside of the lips, dental ^ ongue 
The tongue may lose most of its epithelium and becomes 
blue and occasionally gangrenous The mucous mem ranes o 
the gastro-mtestinal tract may be hyperemic, e ema ous, 
occasional small hemorrhages j *v,ot 

Immunity. Early investigations of blue tongue s 
immunity resulted from a recovery from a natura case 

Serum-virus mjeotions were the first means of . 

Serum alone was found to be of some value as a erapeu , 

Live virus which was attenuated by several passages , 

sheep was used successfully for many years 

Will suffer mild reactions to the mjection o ^ tense 

these reactions are more severe m anraials , more 

sunhght Immunity induced by the vaccme is no e ec i 
than a season, and annual or semi-annual vaccma i 

Modification of the blue tongue virus by n^foca a 

chicken embryos has made possible a live vacc , States 

quadrivalent vaccme is used extensively, while m *3 Umted^States 
only one antigenic type apparently exists and so 
vaccme is used Schultz and DeLay have reported p®ses 
horn lambs m mstances where the chicken em susceptible 

used to vaccinate pregnant ewes The fetal lamb i 

ot 5 to 6 weeks’ gestation unon isolation 

Diagnosis. A diagnosis of blue tongue P sheep 

end identification of the virus by transiniss tnupue is some- 

ond protection tests m immunized sheep ue , HoW- 

imies confused with foot-and-mouth P .-ct while blue 

over, both of these diseases spread rapidly y 
doe.«? not 
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described epizootics of panlcucopenia in cats. Kikuth ct al. report 
an identical disease in Germany. Some WTiters regard panleuco- 
penia (Tartar fdis) and cal distemper (Tarpeie iclis) as the same 
disei^e. Failure of Hindle and Findlay to find any significant 
blood changes in distemper cats and the marked fibrinous enteritis 
described by Leasure leaves some doubt as to the identity of these 
two conditions of cats. Until careful comparisons are made they 
should bo regarded as different diseases. 

Wills has shorvn that the etiological agent of infectious enter- 
itis of mink appears to be identical to the panlcucopenia virus of 


Rerlfru “ii Srades of the 

rstimatef i T “ T" 

estimated to be 35 inji or less. 

in for 138 days in 50 per cent glycer- 

in and also by desiccation at ~80®C 

vated’^lTnlTn '"cm pon'opoopenia has not been culli- 
on the chorio allanltf'' ' ° oHompts to cultivate it 

v^uccesrfur of of-iofron embryos have been 

abWea?4“ «s^raSTron1 “ P™*- 

virus is present in blood^n^ f contaminated food. The 

infiieurLe of LLedt'is 
of fn^^ThTuri^Set^V^a^iS^D 

may show vomition, diarrhea naJP'a ''ofore food, and 

ture increase is usually noted W nTf 'I’': ‘f^harge. Tempera- 
50 to 90 per cent of thn*?*. ♦ • niarked. Death occurs in 

after a mUd illness of 2 to 4 day^ Some animals recover 

Patholo^cal Cliances ii/rnc-^ 

blood picture. Leucopenia changes occur in the 

Leucocyte counts of the circulali'^ ^ neutropenia, is characteristic, 
to 13,000 down to as low as 1 000 "frep sharply from 10,000 

Bone marrow chance I. ^ ® ^ f° « 

firm red marrow to a nearly LTd”h"^ “ f^'^^ 

inclusion bodies in the epiftclial c ‘^'=- Intranuclear 

tmal tract can be found i^Tm^'l ""-^n of the intes- 

Immunity Cat« i. of cases. 

--d tissue vac^e is avaihibie for the active immimi- 
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zation of cats against the disease Two doses given 7 to 10 days 
apart are recommended 

Diagnosis. The diagnosis of panleucopema of cats is usuaUy 
based on leucocyte counts associated with chnical features of the 

tL panleucopema virus has not been 
from Tarpeia jehs, the cat distemper virus describe 
Britain 

Torfor gal/i 

Common Name. Fowl pest virus, fowl plague virus 
Disease Produced Fowl pest, fowl plague ^ninmonlv 

Hosts Affected Chickens and turkeys are mo ^ 

mfected Water fowl such as ducks and geese are 
are gumea fowl, sparrows, owls, blackbirds, include 

Some mammals can he experimentally 

mice, rats, rabbits, ferrets, monkeys, and hedge ogs , 

Histoo- and Distribution. Fowl pest was 
Italy m 1878 The virus was described by ^ proved 

1902 m reports on the disease and on experiment whmh prove 
that the etiological agent would pass Cham er an countries 

Fowl ,« h„ .,„,d wo,ld-..d., d. rS 

at some time during the last 50 years The Ttwas 

appearance m the United States m 1924-25 II 

first recogmzed m New York, New Jersey, an disease 

spread westward to Michigan, lUmois, and n i methods, 

Was brought under control m all instances by era 
and no occurrences have been recorded since m the 

Fowl pest remams enzootic m countries o Asia 

Mediterranean and Danube areas, and also mm rortor gallt 
Properties of the Virus The elementary o “ 

Jnay be round or filamentous in shape an being about 

between 60 and 140 mp in size, the average P® , Chamber- 
mg m diameter They will pass through Berkefel . 
and, and Seitz filters jn 5 mmules 

Thermal mactivation of the virus occurs 
i'at at 55=C it remains viable after 15 minutes nxP^ 

rn,. , . ^non frtr nt least ^44: < 


at 55°C it remams viable after 15 mi days Infec- 

Tu j * 7nor for at least 244J Clays x* 

Ahe virus is preserved at — fu * , 37°C within 

jvity IS lost at storage temperatures o , qj. 0 02 per cent 

92 days respectively One per P „ cent phenol 

'"arlhiolate does not kill the virus m 1 inactivates 

^ lethal m 10 mmutes’ exposure Formalin concentrations 

^he Virus m 18 to 24 hours and 0 2 and 0 4 p 
'^ithin 6 hours 
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Exposure to 10 000 Oxford units of pemciUin for 1 hour is 
Without effect 

f ilfTu*’^'^ produce hemagglutmation of erythrocytes 

of the following animals chicken, chicken embryo, turkey, duck, 
man d°g cat, rabbit, swine, horse, ox, sheep, gumea pig and 

Hemagglutination is specifically inhibited by immune sera 

and T!mlen™''T T o" basis of antigemcity 

vmises has Teen pmtf"' Newcastle or other 

emb^l‘'w r u^"?" ” -^b-^ben 

very^apidfv a^d h b moculalion The virus multiphes 

tissue oMhe ™br^f T ” ‘b" 

Within 24 to 48 hours He^^tf to the embryo 

observed m the dead embryo common lesion 

infected birds °^e Hansmitted by contact with 

as well as m blood, urine and^eces'r" secretions 

are common sources of tht. « ^ t ^®”tammated food and water 

Pected of ‘~mn°'ui^Uris^rimmr“" "r =“■ 

a part m the disseimnation ^ Inimune carriers also play 

sprearthe'l’^’’’"^ 

with sudden oL‘" Some f"' ‘>™‘e mfection 

are noted A majority of the v definite symptoms 

anorexia loss of proL. " f depression, 

■« imsteady ga.t ife colTd”; »r’’f ’ ^-‘b^s, and 

nf the head region and gaspmg and b''''“'"c cyanotic Edema 

^TOptoms are sometimes observed Nervous 

tible species of birds Mortahlv m the less suscep- 

nnd deaths occur m 24 to 48 houi^' n "" chickens are very high 
Pathological Change A “1“"''' ‘be diseasT 

dymg of fowl pes, wiU show ‘‘'^■"ntion of birds 

imm^r""' birds that recover from fowl pest are 

r=mr5"'~“ “bbe'^-s 

'cmm injeeled Live 

" -nmunity but the method 
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IS not considered practical because of the expense and the losses 
of birds following the inoculation 

Killed vaccmes of various kmds have been of hinited value 
Formalinized virus confers some protection against e 
but It IS not highly effective Other vaccmes which have been hea 
kiUed, ultra-violet killed or chemically killed have been eve 

less successful -r, * u tToq! 

Living virus vaccme produced from a variant o a u c 
Indies stram of fowl pest virus has been studied by ^ ’ 

Jones, and Jungherr Under experimental con , 

appeared to produce satisfactory resistance to c a en 

highly virulent virus , „_j 

Diagnosis A diagnosis of fowl pest requires ^ blood 
Identification of the virus Chicken embryo table 

and tissue material will isolate the virus The a ion , 

antibiotics such as penicilhn and streptomycm o nresent 

desirable if not always required If fow pest f 

m the moculum i<- should produce death of t e em , 1,2 

48 hours Hemagglutmation tests of allantoic 
positive if fowl pest is present ® t a„d under 

taay be isolated from birds showmg similar symp New- 

fbe same conditions of isolation Smce both fow p ^2 

oastle viruses will produce l>6'"38gluf“‘“4ion, i is 
differentiate them by serum neutralization and hemagg 
inhibition tests using known immune sera rnnid 

It IS also necessary to elmunate bacteria as a J 

doaths among fowl, since fowl pest and fowl cholera are somet.m 
confused cUnically 

lorfor furens 
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England Since the first description Newcastle disease has been 
recognized m many countries including the United States, Canada, 
South Africa Chma, Japan most European countries the Philip- 
pme Islands Austraha and throughout the East Indies 

Newcastle disease was first reported by Beach m 1940 in 
California Beach further proved the relationship of the virus 
isolated from the California outbreak to Newcastle virus isolated 
in England Smce 1940, Newcastle disease has spread widely over 
the Umted States and each year accounts for considerable losses m 
poultry 

Properties of the Virus The morphology of Newcastle virus 
may vaiy, dependmg upon the conditions of preparation and per- 
haps ako with the stram used Bang also Cunha et al , usmg 
Americm strams show definite pleomorphism Spherical as well as 
” electron micrographs (Fig 
head ™ Partm'es measure about 70 x 180 mu for the 

&uhomi ‘ h ” '“8th Dawson and 

fhe ntiele!™ t “English strain of the virus and found 

workers did not observe any sneim like 
m^er aTrem'tho" "7“ madT m ^rs^e 

fe^v a^d N eandle " ” Berke- 

Toior “reus 

Mra^have been found 

Jones to be7iTtl'stI™t!7om“ 7"^ Brandly, and 

1 hour s exposure at pH values omril^lT''^'' 

This IS contrasted with r i ^ unaffected 

rem.^ vi^. „7y rrYheX^f pTi “> 

3 mmutes clhy faltohor™ 3 ^ 07 '"^^'' ‘h^ virus m 

cresolSpercent andt^ureTf'* ^ P“ 

■de m 2 per cent eo^entaul ' ^ Sodium hydrox- 

‘ration n reported as effeetive bv some 
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30 days, and if temperatures are lowered to freezmg, it remains 
alive for as long as a year 

PemciUm and streptomycm are without effect on Tortor furens 
A hemolysm which is capable of lysing chicken erythrocytes 
has been described by Kilham The amount of hemolysm activity 
of the virus is found to parallel its concentration 

An important property of the Newcastle disease virus is t a 
of hemagglutination Avian, usually chicken, erythrocjrtes are 
commonly used for hemagglutmating work, although “ 

other avian species can he used Certam mammahan ery rocy e 
aie also agglutinated by the virus In this case, hemagg “ . 

IS variable depending on the strain of virus tested and e m i 
animal used Man, gumea pig, and mouse erythrocy es 
satisfactory Cow, bison, elk, horse, dog goat, and ® j 

cytes are quite irregular, while those of the fox are no agg 
hy the virus i 

Hemagglutination by Newcastle virus is quan ' ® ^ 

standardized conditions the amount of virus p .. 

fluid can be determmed Furthermore, the ‘°”Jt,t-i- 

hon IS inhibited by specific immune serum whic is a 
hve See Table 42 S 

Various strains of Tortor ftirens have been 
V‘tulence, hemagglutmatmg activity against 7"°“= 
erythrocytes, and heat stability of the ® Lf than 

Asiatic and European strams of the virus are more 

jhe American ones No significant antigenic difference am g 

"" cXatm^Newcastle virus is readily cultivated m chicken 
^ruhryos The conditions of grmvth of this 

ran be grown by any route of uioculation, a a to the 

temperatures of incubation, and requu-es n . allantoic 

^'Ubryo The usual method of inoculation is 
cu'dy The virus is usually lethal to the em ryo “ tissues, 

hemorrhages of the feather folhcles, „‘‘oT.he 

cccipiial region, yolk sac membrane, and genera 
embryo are common lesions „r,mnoscd of 

The virus has been grown in tissue nP;o m 

P asma and embryonic tissues m Tj rode s s 
c^mbrjonated eggs Newcastle spreads 

Transmission Under natural conditio rcspira- 

Pidlj by airborne droplets coughed or ^"ccz ^1^,. 

aystom Beach has succeeded m isolating the aims 
■"e of a chicken house , id hi 

The aims may be introduced into a flo ‘ ,i, erase in 

ans of contaminated food Outbreaks o i 
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England have been initiated by feeding the oHal from dressed 
chickens imported from the Contment to other poultry 

Poultry culling and testmg personnel who travel from farm 
to farm may transfer the virus on clothing and equipment 

Newcastle virus has been recovered from eggs laid by hens 
during the early stages of the disease However, the virus usually 
kills the embryo and so these eggs seldom hatch Even though the 
eggs do not hatch they may spread the mfection if they are 
accidentally broken in the mcuhator or if the shell of the egg 
IS contaminated by the virus 

Attempts to isolate the virus from the eggs produced by 
recovered birds have been unsuccessful 

Gamers of T^ewcastle disease seldom are found but are be- 
lieved to exist Although the earner rate is very low it still must be 
considered as a method of spread of the disease 


Characteristics of tlie Disease. Newcastle disease is an acute, 
highly contagious disease of chickens and occasionally of other 
fowl It begms with sudden onset after an incubation period of 
about 5 days The first symptoms noted are dullness, coughing, 
sneezmg, and gasping In laying flocks, egg production drops 
sharply in, two or three days’ time The infection spreads rapidly 
to all susceptible contact birds Nervous symptoms occur in some 
birds, especially young ones, within a few days after onset of the 
disease Paralysis of the legs or wings or often torticollis resulting 
m a complete twistmg of the neck is observed Morbidity rates 
are usually near 100 per cent and mortality rates are variable, 
ranging from 5 to 50 per cent. Death losses are ordinarily higher 
m baby chicks than m adult or young adult birds 

In European and Asiatic countries the mortality rates are 
much higher than those m the United States, 70 to 100 per cent, 
and there is more tendency for the virus to produce lesions of 
a generalized nature m outbreaks which occur m those countries 


Several reports of Newcastle infection m man have been 
substantiated by the isolation of the virus So far the conjunctiva 
IS app^ently the tissue most often mvolved Although the disease 
IS mild and usually localized, Qum ct al have reported evidence of 
generalized mfection smee Newcastle vims has been isolated from 
result some instances Spontaneous recovery 


Newcastle virus does uot occur 
rociLuorf r ^ experunemal 

of hamsters, Lee, monkeys, 

those animals until it produces a rapX S Tis^se ^ ” 
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The virus produces death in sheep and swine after intracere- 
bral inoculation, but the virus can not always be recovere rom 
the brain tissue, and serial passage has not been accomp is e in 
these animals. 

Pathological Changes. The most marked pathological changes 
occur in the respiratory system. There is hyperemia and conges ion 
throughout, with much mucus in the trachea. In European an 
Asiatic outbreaks the lesions are much more pronounced “ 
addition to the respiratory lesions, hemorrhages, especia y o 
lymph follicles of the intestinal tract, will be observe . ou mess 
of the air sac membranes is a usual finding, and petechial hemor- 
rhages may be seen in the respiratory tract on the epicar lum an 
in the digestive tract. Catarrhal enteritis is also observe . 

The brain shows microscopic cellular infiltration o ymp o 
and hemorrhage. . 

Immunity. Birds which recover from a nre 

castle disease are solidly iramime. HI and S j 

demonstrable in the serums of recovered birds for 
after recovery. The eggs from recovered hens ‘e j^^jUlo 

and can be demonstrated by the HI test as descri e ,how 

and MiUen. Chicks which are hatched from these eggs m y . 
antibodies in their serum for a period of 3 or 4 weeks. 
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Combination of live Newcastle vaccine and other live vaccines 
such as fowl pox, laryngotracheilis or bronchitis has been tried. 

Diagnosis. The most dependable diagnosis of Newcastle disease 
is the isolation and identification of the virus. The virus is abundant 
in the respiratory tissues during the initial stages of the disease. 
It is also present in the blood, spleen, brain, and liver during the 
early stages but is in less concentration than in the respiratory 
tract. Inoculation of chicken embryos with emulsions of pooled 
organs will isolate the virus. The addition of penicillin and strepto- 
mycin is necessary in most cases to prevent bacterial contamination 
of the embryos. Presumptive evidence of the presence of the 
virus can usually be obtained in about 48 hours by conducting a 
hemagglutination test on the allantoic fluid. In areas where fowl 


pest does not occur, a posiUve diagnosis of Newcastle disease is 
made on the basis of the isolation of a virus from poultry which 
produces hemagglutination. 

Con^atory tests for identification of Newcastle virus should 
include HI and SN tests, using known immune serum or protec- 
tion tests with immune birds. 

f. ‘o isolate the virus from the tissues of infected 

mhbodies are detectehle in the serum. The virus is 
slroW^l^'* ^•7"' advanced nervous symptoms. 

SN Sfune ' dUease can be obtained by HI or 

H^evt S c m" 'onvalescenl, or recovered birds. 

tSstfSi - 

Ws vaccination, or 
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SL™rpr„rc;rp<rr‘’'''‘'i‘i 

Hosts AIIe^tcrFo! Lr"*’ 

raccoon, gray fox, and bla^k beLTr"* The 

ocular inoculation. “ats, tat- 

Bheeft monkeys, and rabbits are insulceptfble 

^oxvrr?pord?“‘Gt:lt4"5'‘-n^^^ stiver 

°f encephablis. An organism of tb™ Hiere were symptoms 
a streptococcus were suggested e. ^ 2™“® Salmonella and later 
Green described a filtrable virus In 1930, 

years later Green reported egent. Three 

‘ranem.ss.b.Uty of fox encephalitis 
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to dogs and described focal bver necrosis and intranuclear inclu- 
sions, m various endothelial cells Cowdry and Scott had reporte , 
m 1930, inclusions m the hepatic cells of two dogs but 
mission experiments were tried Rubarth of we en pu 
an extensive study of canine hepatitis as found in that coun ^ 
and suggested that the viruses of fox encep a i is an , 

hepatitis were the same Siedentopf and Carlson ave , 

the viruses of these two diseases in this country an c 
that they are identical , „ . 

Canine hepatitis has also been recognized in , r |vj 

Properties of tlie Virus. Tortor vulpis will pass B 
and Seitz EK filters It can be preserved m 50 per ce g 
for several years and it retams its virulence un er s ora 
Cultivation Tortor vitlpis can he cultivate m issue 
composed of canme kidney cells Cahasso et a 
'nnis produces a cytopathogenic effect when grown in 
F.oldsteel and Emery have shmvn that senal ^of fte vi^^_ 
loses its pathogenicity for the canme after P 

lams Its immunogenic properties n„u,vation of canine 

Miles et al have reported the successful 
hepatitis virus m the chicken embryo /iischarees 

Transnussion. The virus is probably trans-^-tted by discharg^_ 
from the respiratory tract Blood and nasal secretion 
sistently infectious durmg the disease ,„f„gtiDn m the 

Characteristics of the Disease. Tortor ,„,thout having 

f<»r IS of sudden onset Some foxes are found dead without n 

shown symptoms, smce wild animals m j nggj Those 

exhibit signs of sickness until disease is we lethargy, 

animals which are noted sick may show oss include hyper- 

Weakness, and finally coma Nervous ° , „,tchings Nasal 

excitability, paralysis, convulsions, and mi^cu Mortality rates 
'f'^eharge and diLhea are frequently observed Mortali y 

are usually withm 10 to 25 per cent. , ^rse within 

Ihe disease m dogs runs an acute, r^i ■ . gjg dis- 

a Week There is apathy, vomilion, diarr ea, ‘ Nervous 

which are often ’copious and become puruen 

innpioms include spasms, excitability, described by 

^■ratory symptoms with acute tonsillitis have been 

Patliological Changes A P°®t mortem of an • ■pherc 

henorrhages, cspccHHv 


a definite espccHlIv 

" Kcneral congestion of many tissues, and hem 
‘n the brain, will bo observed 

Tt^ *1... » .... I. — — 


-'-J'uamu 

^ Konernl i 

he brain, will bo observed , the liver, 

the dog outstanding changes '' * 
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which is grossly enlarged, with a lighter color and a dirfmct 
lobular design. Tissues ol the nervous system show cellular 
infiltration. Acute tonsillitis is usually observed. 

Green has described intranuclear inclusions which regularly 
appear in both dogs and ioxes as well as other infected species. 
These inclusion bodies are found in the vascular endothelium, 
meningeal, and hepatic cells. Their demonstration is of value in 
diagnosis of the disease. 

Immunity. Animals which recover from fox encephalitis or 
canine hepatitis are immune. 

Siedentopf and Carlson report reciprocal neutralization of 
vims from cases of fox encephalitis and canine hepatitis by their 
respective antisera. There is no immunological relationship between 
Tortor vvlpis and canine distemper. Hyperimmune serum is avail- 
able and it is recommended for xise both as a prophylactic and a 
therapeutic agent for fox encephalitis or caiune hepatitis. 

Simultaneous serum-virus vaccination has been attempted but 
many delayed cases of the disease followed this method. 

Formalin-inactivated virus is widely used for the prevention 
of infectious canine hepatitis. This type of vaccine is produced from 
the tissues of dogs artificially infected wUh the virus. 

Diagnosis. Since both foxes and dogs are susceptible to Tortor 
utilpis and to canine distemper, differential diagnosis is important. 
Ferrets are highly susceptible to canine distemper virus but are 
insusceptible to fox encephalitis-canine hepatitis virus. If ferrets 
are available, the inoculation of this animal is helpful in the differ- 
ential diagnosis. 

Green has pointed out that the inclusion bodies of canine 
dUtemper may be either intxacytoplasmic or intranuclear, while 
ttose of fox encephalitis-canine hepatitis are only intranuclear. He 
further notes that distemper inclusions are not found in hepatic 
cells, but those of canine hepaUtis and fox encephallUs are usually 
abundant m those cells. 
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The Genus Tritur- 

the Infectious Anemia Group 


Viruses of the genus Trifur Induce disease 
disturbances in balance of blood cells. The genus . 
from the Latin, meaning an arrant thief. 

hifur equorum 

Common Name. Equine infectious anemia fever.” 

Disease Produced. Equine infectious , j, Experi- 

Hosts Affected. Horse, mule, donkey, an > ’ ^ only 

mentally, the guinea pig and rabbit can be mfected but sho 

mild reactions. . has been 

History and Distribution. Equme for at least 

mcognized in Europe for a Uttle over 100 y®® least 34 

50 years in the United States. It has been . throughout 

states and in Canada. The disease has spread widely 
Europe and also occurs in Africa and Japan. nnized for many 

The infectious nature of the disease was rec j . ] agent 

years before Carre and Vallde reported that the etioi 
"'as a filtrahle virus in 1904. bodies of Tri/ur 

Properties of tlie Virus. The ®^„oded particles and 

eoaorum are reported by Reagan et al as diameter, 

measure from 11 to 59 mji with the average e have de- 

Using filtration methods, Mohlmann an , .pa. Tlie virus 
eiTO'med the size of the virus as GO to 95 m|m ‘ 

'■a pass the Chamherland and Berkefe sistant. A tempera- 

Equine anemia virus is comparativ e y ro c.vposuro 

"ae of SS^C. for one hour is necessary to ‘ virus, while 

days in 0.5 per cent phenol wU mactivMe 
or 0.2 per cent formalin is lethal after - . ^ cent 

. The virus survives at 5°C. for 3 montl paceziag 

^Wrin is added it is viable after 15 monlK jataimcni.al to 
'o"' temperatures followed by desiccation ^ conditl'm 

‘■ao Vim, and it is preserved for at least IG month-s 



812 Velerinary Boclerio/ogy and Virology 


Cultivation Equine anenua virus has not been cultivated m 
chicken embryos or tissue cultures The virus has been carried 
through 20 rabbit passages by Reagan and his co-workers 

Transmission It is believed that under natural conditions 
equine anemia is spread by insect vectors and by ingestion, but 
msect vectors or other means of introducing infectious material 
beneath the skm are most important It is known that the virus 
escapes from the infected host by the blood, urine, feces, milk, 
spermatic fluid, saliva, and nasal secretions Transfer of the Mrus 
by blood may occur by biting flies mosquitoes lice, or by bleed- 
mg needles or surgical instruments which have been used on 
mfected animals Transfer of the virus from mare to foal may 
occur through the milk or in titcro Secretions and excretions 
may contaminate food or water with resultmg transmission The 
chronic earner of the virus is of great importance m the dissemi- 
nation of the disease because it may show no defimtc symptoms of 
the disease and there is no reliable test for its detection except 
horse moculation 


Cliaractcmt.es of the Disease Equme anemia may be an 
^ute subacute, or chrome disease of horses, mules, or Lnkeys 
The meubabon period is usually from 12 to 15 days but m some 
cases may be as long as 2 months The acute form begins w!th a 
noTmoid r”"T'' weakness, LooT^L! 

neois^dema TemT'.'" 
reaction Death mTy resuU mT tf^S^ f 
develop a subacute for^ of L n 

may be marked, the 

the chrome forms with or ^ contmue Some animals show 
However, ehro^ Ti^es the disease 

their blood for perS U ™ " 

menace to other horses anrl ,f r animals are a 

In rabbits mfeSTv arfr l 

is the only manifestation of the ®^osure a temperature rise 
been moculated with the vin,^ Guinea pigs which have 

m weight and death m some ^ reaction, loss 

ported that swine are suscentiM ^ i, commission re- 
confirmed by Stem the virus hut this was not 

toms -^luarhldlhr^ev^CnT =J™P- 

loss of weight A case of m’fect!™ debibty, and 

erse inoculation, IS reported by Petern” proved by 

Pathological Cham,- tu ? 

emL"! '’“‘“'’rtem of acute which are 

niaciation and edema hemorrhaE^ 

ECS of mucous membranes, en- 
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larged spleen and liver The liver may he quite friable and will be 
a yellowish-brown color 

Gross changes m chronic cases are not marke or are e 

“'“''Inunity. A degree of resistance to ^stancTdis 

exists in the chrome cases of the disease hu s 
not enable the animal to rid itself of the virus of 

Numerous attempts to produce immunity y a 
common methods have all been unsuccess infectious 

Diagnosis Tlie only reliable niical procedure, 

anemia is by horse inoculation This is no counts, sedimen- 

so temperature curves, climcal symptoms, ii^jiere the disease 
tation rates of erythrocytes are used m ^ c disease 

has been proved to exist or as presumptive evi 
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CulU\alion Avian leucosis virus has been cultivated or at 
least survives in chicken embryos if moculated intravenously 

Transmission Higher incidence of leucosis has been shown 
among chickens reared on premises in contact with mfected birds 
Progeny of infected stock show a high mcidence of leucosis Trans- 
mission through the egg occurs and the virus has been identified 
from eggs 

Characteristics of the Disease The general types of the leucosis 
complex are 

1 Neural lymphomatosis— with cellular mfiltration of the 
nerves and paralysis 

2 Ocular lymphomatosis — mfiltration of the iris 

3 Visceral lymphomatosis— cellular infiltration involving vis- 
ceral organs, especially the liver, spleen, kidney, and ovary 

4 Osteopetrotic lymphomatosis— mvolvmg the bones espe- 
cially the shanks ’ 

5 Erythroblastic form— characterized by anemia 

. ^ by increase m leuco- 

cytes ot the granuloblaslic type m the circulating blood 

ni Jes -or 

etioCaWeVof\u%Ir,;^^ ‘>>0 

and there is much evidenceTTuZrt 

hand some mvestigators have beL able To v” 

which will consistently reoroHnrvo isolate pure virus 

there may he more than one virus o^"T '’'Mother 

undergoes variation or whether the ho ^ ft" '"bich rapidly 

pathological change produced J'l.ot rfen 

leucosis IS hampered bv the pvi Much of the work on 

tammg leucosis-free expenmens' birS'"'’"^ socurmg and mam- 

of leucosis ifS^ SSthTf^Sf oTfcLS’ T character 

the vanous tissues of the types which infiltrate 

symptoms and lesions depenZl .7 .v’ ''=>^'0“= 

Immmuty Little or n mfection 

of characteristic lesioSrdtwSTstSfeS'^ upon the finding 
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The Genus Rabula and 
Unclassified Viruses 


THE GENUS RABUIA -The Mumps Group 

Viruses of the mumps group induce disease characterized by 
changes in the salivary glands 

Rabufa inflans 

Mumps virus produces epidemic parotitis in man, with infcc' 
tions involving the testes, ovaries, and meninges in some cases 
It does not produce natural disease in animals, although there are 
reports of reactions in monkeys, rabbits, and cats after experimental 
inoculation. The monkey is the most susceptible, and the virus can 
be passed serially in the animal. 

Mumps virus can be grown in chicken embryos, and hemagglu- 
tination is an important characlenstic which aids in experimental 
studies and diagnosis. 

Rabuio levis 

Common Name. Gumea pig salivary gland virus. 

Disease Produced. Guinea pig salivary gland disease. 

Host Aficctcd. Guinea pig 

Properties o! tiic Vims. *Ihe virus will pass the Berkefeld N 
filter. It is inactivated by 54‘’C. for 1 hour. It will remain viable 
in glycerin for several weeks. 

Transmission. TVansmission is probably by contact with saliva 
of infected animals. 

^ Characteristics of the Disease. The natural disease is not 
serious-, however, intracerebral inoculation of the virus results 
in meningitis 

Pathological Changes. Acidophilic intracytoplasmic inclusions 
occur m the epilhebum of salivary ducts. Intranuclear bodies are 
also found. 

m the serum of 


f ei«i 
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Diagnosis. A diagnosis of guinea pig saliva^ 

IS based on the demonstration of inclusion bodies om , 
glands and ducts and by intracerebral mociflations of saliva 
salivary gland material mto susceptible guinea pigs 

Rabula innocuus 

This virus is known as the hamster sahvary 
IS not pathogenic except to the extent of producmg me 
in the salivary glands o£ that animal 

Rabula exiguus 

This IS a virus causmg intranuclear inclusions in th 
stands of rats 

Rabula lafens , j 

Inclusion bodies m mice have been found m the saliva y g 
®d this virus is described as the etiological agen 


UNCIASSIFIED viruses 


■^■•AbsiFIED VIRUSES includ- 

There are a number of viruses which are ,jata 

®g those which are newly discovered and those 

's mcomplete 
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lar has been described by Pritchard et al m Indiana This disease 
has been designated as Indiana virus diarrhea and as erosive gas- 
troenteritis U U 

Neither the Nc\«. York nor the Indiana viruses have been 
studied to any extent Pntchard has shown them to be antigcm- 
cally distinct Olafson has reported that the New York type is not 
antigenically related to the rinderpest virus The Indiana type vv lU 
pass through a Berkefcld N filter Attempts to mfcct other animals 
and chicken embryos have been unsuccessful Cattle mfcctod with 
virus diarrhea show leucopenia high temperature, diarrhea, saliva- 
tion, nasal discharge, and dehydration Varying degrees of erosion 
and of ulceration of the mucous membranes of the mouth, tongue, 
pharynx, and esophagus occur Hemorrhages may be seen in vari- 
ous mucous surfaces Lammitis and a nonproductive cough are 
often seen m the Indiana type of the disease Morbidity is higher 
in the Indiana type, with nearly 100 per cent of the cattle m some 
herds becoming affected, while morbidity many range from 33 to 
88 per cent m the New York typo Mortality is reported as 0 to 50 
per cent in both types 

Virus diarrhea m many respects resembles rinderpest, mucosal 
disease as described by Ramsey, mabgnant catarrhal fever, and in- 
fectious rhmotracheitis, and therefore presents a problem in dif- 
ferential diagnosis 

Ephemeral Tever A virus disease of cattle called ephemeral 
fever, ‘three day sickness” or “stiff sickness” was ongmally re 
ported by Bevan in 1907 from Africa The disease also occurs in 
Australia, India and countries of the Middle East 

Veiy httle information is availsWe regarding the virus Al- 
though artificial inoculations of blood from an mfected animal will 
transmit the disease with regularity, filtrates of laked blood have 
usually failed. 

The bovme is apparently the only animal which is susceptible 
to the disease It does not spread from one animal to another by 
contact but is spread by biting insects It is most prevalent during 
wet seasons 

The disease is acute with sudden onset There is observed high 
temperature, nasal discharge muscular stiffness lameness, and de 
pression Reluctance to swallow is especially evident in the sick 
animal Recovery usually occurs m 3 to 5 days Mortality rates are 


Infectious InfiirtUity of CalUo In 1938 Dautney, Hudson, and 

EastAfnea which 

a vi™ cnnsiderahle stcriUty It is heheved to he caused by 
oulstandmJ f epididymitis m the bull are the 

bylS^tSf m brSnl transmitted 
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A similar if not identical condition has been described Mc- 
Intosh, Haig, and Alexander m the Union of South Africa These 
investigators report that the virus which they iso ate ™ 
mice and chicken embryos from cases of vagimtis m ca e is e 
than 100 mji m size Upon adaptation to mice, t e virus pro uce 
lethal effects m that host Edema and pocks were produced on the 
chorio-allantoic membrane of the chicken embryos 

Lumpy Skin Disease. A disease of cattle called ^ 

disease was first reported by McDonald, in 1931, “"^er the name 
of pseudo-urticaria It occurs only m various parts o , , 

A virus thought to be the etiological agent has 
Van Den Ende et al This virus was isolated from fte sk“ ^ 

With lesions of lumpy skm disease by chicken em ryo ^ 

It produces edema of the chorio-allantoic 

the embryo, and hemorrhages of the feather fo c infective 

a Gradacol membrane with A P D of 52 mp or larger 
whde those havmg an A P D of 21 mp retame e lesions 

ever, difficulty has been encountered m the repro “ embryo 

of lumpy skm disease by the inoculation 0 ® <-oine of the 

vims into cattle Insect transmission is ^'^SSesiedhy semeof^e 
characteristics of the epizootiology The virus can ® 
m the blood m the early stages of the disease and has also 
demonstrated m the sahva , , . Mlnwed 

The disease is of sudden onset, with center of 

hy the development of skm nodules m 7 to 10 ays ^ The 

the skm nodule may become necrotic, but no in develop 

entire skm surface as well as the mucous ^ pro^ 

the nodules The losses from the disease are in 
duction, loss of weight, and occasional deaths 

'diseases of Sheep , 

Scrapie. A virus disease of sheep ™ 
early 1700’s has been called scrapie because neuro- 

IS that of scratching or scrapmg the s m ^ cen- 

opic and produces characteristic degenera ive death of 

>^1 nervous system, causing mcoordmation, paralysis, an 
® infected animal , ^ __p susceptible 

■^dult sheep are the chief hosts, bu . tj^cause of the 

V virus has not been studied to artificially m 

iculhes in growing it It has not been c niost difficult to 

host except sheep or goats Furthermore, period of 18 

^""^^^tigate heLuse of the extremely long incubation p 

" x-'® r ” C.S » »" • 


in 1047 and m California in 


1^2 Sev eral other states hnx e i 
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ported the occurrence of scrapie, but the numbers of sheep that 
have been infected has been CTnall 

All of the symptoms exhibited by the infected animal are ref- 
erable to damage to the nervous system. The affected sheep will 
rub the skin on various objects such as fences and will show the 
attitude of the “scratch reflex” when rubbed. They may become 
excitable, vdth the head carried higher than normal. Convulsions 
may occur in some animals. The disease usually lasts for several 
weeks to 6 months, becoming progressively more severe until death 
ensues. 

Histopathological examination of the central nervous system 
will show marked vacuolation of the neuron cells which is diagnostic 
of the disease. More of the cells of the medulla show thU change 
th^ those from other parts of the brain. Apparently no immunity 
results from havmg the disease, since there are no recoveries. 
Diseases of Swine 

espe^Uv'S'.t’’'' ^ ol ^wine, 

fags ta 19« Doyle and Hutch- 

^Win^— 

:;s r.«,lrss " - 

Seer 

unauc^S? ¥riZTsion‘":ft:T *” •'’Z “ 

halation. Newborn pigs are hlvhl ingestion or by in- 

lation, and air-bome Iransmissf ^ ®“^Pb'j'e by intranasal inocu- 
rapid spread of the disease in thf ^’'^od to be important in the 
virus is introduced into some herd ®b ’’olioved that the 

The disease is most seZe t Z swine, 

rhea, vomition, and rapid dehydmSi'TZn'^™ age. Diar- 

ranges from 80 to 100 per cej^t ■t^” ohoracterisitc. Mortality 
progressively decrease as theZes -"ortality rates 

-d symptoms, while sZe oT£ 

Diseoses of Fowl 

-d "r t.^'^rta'’™ Bolin. 

“ for considerable 



Rabula and Unclassified Viruses 821 

losses in turkey poults and baby chicks at the college farm ^ 
Fargo The outstanding lesions occur m the umbilical region and 
are characterized by necrosis The disease is transmissi e y 
bacteria-free filtrates and the etiology is concluded to be a virus 
The agent has been groivn in chicken embryos and it is e a o 

a high percentage of them , 

The offspring of certam hens were observed to die from tne 

infection while those of others did not 

Injection of the virus into mature hens produce no 
m most individuals but the death of some birds occurre , w 
severe inflammation of the ovary and oviduct 

ADDITIONAL VIRUSES WHICH INFECT ANIMALS 

SCIENTIFIC NAME COMMON NAME DISEASE 


Jungablutia Columbia 
Rocacca alpha 
Rocacea beta 
Roeacea loycompio 
Rococeo bommortii 
Rocaceoscmlihi 

Rococac dichii 
Rococeo zifco 
Rococeo utoyo 


Columbia SK-MM 
Anopheles A virus 
Anopheles B virus 
Wyeomyia virus 
California virus 

Semhki forest virus 

Uganda S virus 
Zika forest virus 
Ntaya swamp virus 
Nairobi sheep disease 
Mouse hepatitis virus 


Encephalomyocarditis of 

rodents 

Isolated from mosquitoes m 
South America 
Isolated from mosquitoes m 
South America 
Isolated from mosquitoes in 
South America 
Isolated from mosquitoes m 
California 

Isolated from mosquitoes m 

Africa 

Isolated from mosquitoes m 
i^rica 

Isolated from mosquitoes m 
Africa 

Isolated from mosquitoes in 

Africa 

Tick-bome gastroenteritis 

of sheep and goats 
Hepatitis of mice 


additional VIRUSES WHICH INFECT 

NAME r.nMMO N NAME 


uancellae 

1 Ufex morbillorum iVAcaaico •** — porman metiSA»=j» 

, R‘f“ embryorum German measles vims „„oia subitum 

”5’,®'/“ subitus Roseola subitum viiro „„nyamwera encephalitis 

irnia hunyamwera Bunyamwera encep i 

vims •Rieamba fever 


Chicken pox virus 
Measles vurus 
German measles vims 


UUUJ 

'mithbu 

3nru bwambi 

“Hdor/ia coxsackie 

CentUTTl 

____J^^eoIoradcnsis 


vims Bwambi fever 

Bwamba fever vims jj^^^pholilis 

Coxsackie virus UpoaUtis 

Infecbous hepatitis vim 
Scmm hepatitis vims fever 

Sandfly fever vims Dengue f ci er 

Dengue fever vims Colorado tick fo' or 

Colorado tick fe ver vims 
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The Genus Phagus- 

the Bacteriophages or Bacterial Viruses 


Under the genus Pfiagus, family Phagaccac of the suborder 

Phagineae, are placed those viruses which attack bacteria 

History 

An interesting phenomenon was reported in 1915 by Twort 
who was working with a staphylococcus isolated from calf-lyniph 
vaccine. He observed a visible change in some of the colonies 
which was found to be transmissible and it suggested a “disease 
of bacteria.” Furthermore, it was found that filtrates of the changed 
cultures would also initiate the “disease” of the staphylococcus. 

D’Herelle, working independently, made similar observations 
on colonies of a cocco-baciUus isolated from an intestinal disease 
of locusts In areas of confluent grovrth of this organism on agar, 
there would occasionally be small areas where no growth ivould 
occur. 

In another experiment D’Herelle was searching for a virus 
in dysentery and typhoid fever of man. He thought a virus might 
be associated with these diseases in the same way as the hog 
cholera virus had a few years earlier been found to be associated 
with Sol. cholcraesius as the cause of hog cholera. To test his 
hypothesis, D’Herelle mjected Skig dysenteriae and Sal typhosa 
together with filtrates of fecal materials collected from cases of the 
disease mto laboratory animals to try to reproduce the disease. 
He also tried mixtures of these orgamstns and the filtrates on agar 
plates. It was found that filtrates from patients recovering from 
the disease would produce the same phenomena as seen with the 
organisms from the locusts The addition of filtrates at the time 
of moculation of broth cultures resulted in failure of growih and, 
furthermore, if the filtrates were added in the early stages of 
growth, the bacterial cells were observed to undergo lysis -with 
consequent clearing of the tubes This was the beginning of many 
years’ work in which D’Herelle found bacteriophages from many 
182*1 
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sources The name m the presence 

cause of the disappearance of t 

of these viruses ,, „„r.Vi work has been 

Since the work of Twort contributed significantly 

done on the bacterial viruses whic a having many 

to the knowledge of viruses in genera 
practical applications 

Properties of the Bacterial Viruses (Bacteriophages) 

f *1,0 Viactenal viruses vanes 
Size and Morpliologj’. The size o „parlv 100 mp Most 

from those which are 10 to 20 mil ° , mg electron micro- 

of those which have been photogny e , ig (Pig 56 1) The 
scope have a “tadpole” or sperm-shaped P^ ^ ^ diameter, 

body of the particles in Figure 561 is g„d 150 mp m 

and a distmct tail is observed which is 

length , ^g cultivated except 

Cultivation. The bacterial viruses can g^o^h rates are 

w the presence of livmg suscepti e ® culture of its host 

quite rapid upon the addition of ® ^ j,gst cell and multi- 

organism Apparently a virus partic ® newly formed 

Pbes until it bursts the cell and uoer may be 

particles The burst times vary with va varies from 

from 13 to 40 mmutes, and the yield o 

120 to 400 particles general more resistant 

Uesistance. The bacterial viruses are i « animal 

‘o heat than the animal viruses tyre of SO^C for 30 

viruses are killed by exposure to a t®™? fgr 30 minutes 

nunutes, many of the bacterial viruses hages. for example, 

or even higher temperatures Strep “ g, 30 minutes 
resist milk pasteurization temperatures, ’ , ^ agmg -and to 

A majority of bacteriophages are 
■irymg mg tactenophages are 

Antigenic Structure Like most vi ■ Antipbage aojum 
autigenic when mjected into the anim -jjage against its o® 
« epectiic and neutralizes the gtt^ck the same bacterial 

“^cteria Different strains of phage w ^ c serological tests 
species have been distmguished by mea Among the bacteria 
Specmcity of the Bacterial Virus gpgg.acity Certain 

Viruses are examples of the ®rrtreme m ^ ^ 

Phages are able to distmguish strams Jif baut^^^_^^ .her 


• are examples oi uic ^ ^tgria vviw*“* - ' 

are able to distmguish strams *hm the 

, cannot be distinguished by bacteria with 

hand, some phages attack ddferent ^Ptf^^ngemcally 
sarre genus, especially if the Viruses It has 


some pnages aiiao*. antigcmca‘*j - 

e genus, especially if the .„ial Viruses It has 

Interference Phenomena of Ba ^^^^pgg occurs among 
ahown that the phenomena of virus mt 
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5S3sSg.5i 

«^™tcvs tho bactcr.nl cell .1 prerenf; m some manner the 
C„trj o! other s.run particles Tl.e mechnnism is nnaloROU-S to 



FIG 56 1— Strep larln end bocterJophoge X 15 000 Courte»y Pormellee 
Corp end Neljon J©«r Bott 57 371 1747 


blockade and virus interference as described for se\oril animal 
viruses 

It has also been observed that in some instances interference 
does not occur and more than one virus multiplies m tho same 
organism 

Genetic Variation of Bacterial Viruses The observations of 
Hershey regarding the genetics of baclenophiges are of interest 
and pose some intriguing possibibties in virus study This invcsti 
gator observed that two related but distinguishable viruses of E 
coll will grow m the same cell at the same time and among the 
viral progeny appear types different from cither parent virus 
"Pathological Changes The effect of a bacterial virus on a 
susceptible bacterial cell is lysis The virus grows and multiplies 
until the cell bursts expelling the cell contents and the newly 
developed virus particles Electron micrographs have clearly shotvn 
bacterial cell dismtegration as the result of phage attacks 

Broth cultures which show turbidity may be seen to clear in 
a matter of hours as a result of lylie action Lysis may occur in 
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agar colonies, and variation in colony characteristics is sometimes 
observed. 

• The appearance of resistant mutants among susceptible strains 
of bacteria is frequently noted. 

Enumeration of Bacterial Viruses 

The usual method of determining the amount of virus present 
in a solution is the plaque counting technic. A plaque is the clear 
area showing no growth on an agar plate which is seeded with the 
host organism and the virus which will attack it. 'By making ap- 
propriate dilutions of materials, the plaques can be counted in 
a manner similar to a bacterial plate count. 

It is presumed that each plaque counted is from a single 
particle of virus in the original inoculum. 

The size and other characteristics of the plaques are useful 
in classification and recognition of the* phages. Some of the species 
of bacteria associated with animals and man for which bacterio- 
phages have been demonstrated are E. coli, Sal. typhosa, Sal. pul- 
lorum, Sal. paratyphi, Sal. enteritidis, Sal. choleraesuis, Shig. 
dysenteriae, Aeroh. aerogenes, Klebs. pneumoniae, Past, multocida, 
Past, pcstts, Past. pseudotubcrcitZosis, Vibrio comma, BactUus 
subttlis, Bacillus anthracis, Coryn. diphtheriae. Strep, pyogenes, 
Strep, equisimilis, Strep, lactis, Micrococcus aureus, and Myco, 
tuberculosis. There are many plant bacteria for which phages have 
been isolated. 

Habitat of Bacterial Viruses 

As with other viruses, the habitat of the bacterial viruses is 
found to be essentially the same as their hosts. Undoubtedly the 
richest source of phages for the bacteria associated with animals 
and animal disease is sewage and intestinal contents. However, 
if one were to isolate a phage active against Strep, lactis, a cream- 
ery, cheese factory, or milk-processing plant would be the obvious 
place to examine, since it is in these places that the organism and 
likewise its phage are most likely to be concentrated. 

Practical Considerations 

D'Herelle conceived the idea from his early work that a 
bacteriophage would be a great weapon in the fight against diseases 
of man and animals. He investigated outbreaks of animal disease 
and held the view that recovery from infection and cessation of 
the outbreak were related to the occurrence of a bacteriophage 
which was active against the organism producing tlie disease. 
D’HercIIe further reported resistance to infection by the injection 
of phage into susceptible animals. In spite of the encouraging work 
of DTlerolle, the use of bacteriophage for the treatment of disease 
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has been quite limited One of the difficulties has been the high 
host specificity of the phages, and the fact that a phage "'='5' 
only on a smgle strain of the disease-producmg organism IhK 
would necessitate typing of the organism causmg each outbreak 
and the maintenance of many phage strains 

Bacteriophage has been used successfully in typhoid fever in 
man, but the difficulties mentioned above, as well as other factors, 
have prevented its general use in the treatment of the disease 
The problem of bacteriophage activity against Strep lactis is very 
important to the dairy industry which uses this organism to ripen 
cream, for hutter-makmg and m cheesc-makmg 

In some milk plants, phage prevents proper development of 
the cultures and as a result considerable economic loss is suflered 
from inferior products 

Phage studies have aided in the classification of several species 
of bacteria Differences in phage susceptibility have been shown 
m strains of bacteria which arc othenvise indistinguishable as well 
as showing relationships among others which may vary m other 
respects, such as biochemical activity 


Classification of Bacterial Viruses 

The first systematic classification of the bacteriophages appears 
m the 6th edition of Bergey’s Manual of Detormmativc Bacteri- 
ology In this classification, F O Holmes has placed the phages 
in one genus Phaems and has described 4G species The bases for 
separation of these viruses is host specificity, size of virus particle, 
size of plaque produced, and thermal mactivation All of the known 
bacteriophages are not described m this classification but most of 
the common ones are listed For the complete classification refer 
to Bergey's Manual 
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A antigen, 328 

Abbe condenser, 10, 72 

Abortion 

due to Brucella abortus, 385 
due to Brucella suis, 386 
due to Leptospira pomona, 592 
due to Vibrio fetus, 317 
of equmes, 354, 691, 791 
Abortus-Bang Ring (ABR) test, 39 


Absidia, 634 
ramosa, 634 

Achromobacteriaceae, 250 
Acid agglutination, 193 
Acid fast, 526 
Acid-fast organisms 
stains for, 80 


Acar cup-plato method, 119 
Aiar plate method, 118 
Agents, decolorizing, 75 
Agglutmation, IW, 680 

m bacterial differentiation, 194 
macroscopic plate test, 197 
macroscopic tube test, 197 
microscopic test, 196 
test m avian tuberculosis, 54J 
test for brucellosis, 391 
test for glanders, 436 
Agglutmin, 190, 191 
absorption test, 194 
method of action of, 192 
significance of in immunity, 

^SSofbactenoloBy. dcrm.Uon 
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AnapliylacloScn, 231 
Anaphylatoxin, 233 
Anaphylaxis, 223 231 
and allergy, difference between 231 
antigen-antibody theory of, 234 
explanation of, 233 
fundamental criteria for, 231 
hlstamm &eory of, 233 
significance of, 235 
Angle centrifuge, CC7 
Angstrom umt, IQl 

Animal body, normal protective 
mechanism of, 153 
eyes and cars, ICl 
genito-unnary tract, ICO 
intestinal tract, 160 
lungs, ICO 

mucous membranes, ICO 
skin, 159 
Animal C, 254 

Animal inoculation of viruses, CC9 
Animal pyogenw, 2C1 
Animals, inoculation of. 162 
Anthrax. 15, 4C0. AGS, 412 
bactcTins, 4G1 
distribution of, 460 
Pasteur vaccine for, 4C6 
spore vaccine, 4C6 
transmission of, 460 
vaccines for, 466 
Antibiotic agents, 123 
from actinomyces, 137 
from bacteria, 13S 
desirable properties of, 133 
historical development of, 130 
from miscellaneous plants, 143 
from molds, 140 
AnUbody, 169. 191 
action of, 179 
formation of, 173 
nature of, 172 


ArmliUin 
creben, C90, 744 
sunulins, C90, 746 
Arnold steam sterilizer, lOG 
Arthntis, 282 
of foals. 374 
Arthas reaction, 229 
Artificial insemination, 308 
Ascoll test, 201. 468 
Ascomycete^. 22, 32, 35, C33 
Ascus. 32 
Aseptic, 101 
Asiatic cholera, 310 
Aspergiilic acid, 143 
As^rgiliin, 143 
Aspcfgiiiosis, 642 
Aspergillus, G4l 
clavalus, 143 
flatnis, 143 
fumigatus, 143, fill 
giganteus, 143 
gliocladium, 143 
Astcrococcus micoldcs, 616 
Aslcfomyces penpneumonbe bovis, 
616 

Asthma, 236 
Atopen, 236 
Atopy, 236 

Atrjchous baeteria, 26 
Attenuated bactena, 168 
Attenuation, 15t, 248 
Atypical pneumonia. CCO 
Aujeszky’s disease, 705 
Aureomycin, 132 
Australian X disease. 690, 729 
Autoagglutmation, 193 
Autoclave, 106 
Autotrophic bacteria, 52 
Avian diphtheria, 447 , 693 
Avian* encenhaJofnvclitis, 690, 739 
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aerogenes capsulatus, 483 

anaerobicus cryptobutyricus, 483 

anthracis, 458, 459, 791 

boviseptica, 400 

brevis, 131 

bronchicanis, 393 

cadavens butyncus, 483 

chauvoei, 472 

choleraesuis, 341, 357 

coh, 326 

diphthenae, 505 

diphthenae vitulorum, 443 

dysentenae, 370 

emphysematis vaginae, 484 

ententidis, 341, 359 

ententidis sporogenes, 484 

equuli, 372 

filiformis, 443 

gallmarum, 365 

gangraenae emphysematosae, 472 
of Gartner, 359 
gigas, 481 

haemoglobinophilus cams, 425 
haemoglobinophilus coryza galhna- 


typhi murium, 352 
typhosus, 349 
welchii, 483 
whitmori, 437 
Bacillus, defimtion of, 22 
Bacitracm, 135 
Bacteria 
ash content, 41 
capsule of, 25 
carbohydrates, 43 
cell groupmg of, 23 
cell membrane of, 25 
cell protoplasm of, 26 
changes produced by, 56 
chemical composition of, 40 
classification of, 243 
colony characteristics of, 30 
death rates, 46 
fats, waxes, and lipoids, 43 
growth curve of, 47 
growth rates, 45 
measurmg of, 72 
morphology of, 22 
nomenclature of, 243 
nucleoprotems, 42 
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Bactenology, definition oi, 3 
Bacteriophage, 824 
Bacteriostasis, 100 
Bacteriostatic compounds, 113 
Bacterium 

abortum-equi, 354 
aertrydce, 352 
aerugmosum, 304 
anatis, 364 

bipolare mullocidum, 400 
choleracsuis, 357 
coh, 326 
diphthenac, 505 
dyjentenac, 370 
entenlidis, 359 
erysipelatoS suum, 562 
fxmdulifonoe, 447 
infiuenzae suis, 422 
jeffersonii, 365 
monocytogenes, 450 
neciophorom, 447 
paratyphi Type A, 347 
paratyphi "iVpe B, 348 
pestis, 408 

pestis hubonicae, 403 
pseudotuherculosis, 415 
pullonun, 360 
pyocyaneum, 304 
pyogenes, 509 
rettgeri, 375 
rhusiopathiae, 562 
sanguuiarum, 365 
schottjnuellen, 348 
tularense, 219 
typhi, 349 
typhosum, 349 
viscosum equi, 373 
welchii, 483 
Balano-posthitis, 709 
Ballerup group, 331 
di&ease, 385 
BartoneUa, 250, 607 
baallifonms, 607 
Bartonefiaceae, 250, 596, 606 
Basidiomycetes, ZZ, 35, 632 
Basidium, 33 
BCG, 544 

Beef extract broth, 83 
Bcrkefeld filter, 6M 
Besredka's bouillon, 534 
Beta globulin, 173 
Beta hemolysin, 291 
Bethesda group, 331 
Binary fission, ZS 
Bios, 44 
Bitter test, 345 
Black death, 408 
Black disease, 483 
Blackleg. 472, 475 
aggressOT, 477 
whole culture baclenn, 477 
Blastomyces, 63S, 6^ 
dermatiUdis, 643 
farciminosus, 637 
Blastomycosis, 643 
Blood agar, 87 


Blood cells 
stains for, 61 

Giemsa’s stain, 81 
Wnght's stain, 81 

Blood-glucose-cystine agar Francis, 

96 

Blood groups in animals, 199 
Blood-scrum agar. 86 
Blood stams, recognition of, by pre- 
cipitation, 200 
Blood types, 198 
group A, 198 
group AB, 198 
group B, 198 
group O, 198 

Blood typing, explanation of, 198 
Blue tongue of sheep, 691, 793 
Boemer filter, C65 
Boils, ^8 

Bolluiger bodies, 653, 694 
Boma disease, 690 , 738 
Borrel bodies, 653, 694 
Borrelia, 250, 580 
anserma, 580 
gallmanim, 580 
hyos, 583 

marmorans, 689, 702 
theilen, 582 
Borrebnaccac, 689 
Borrehota, 689 692 
avnim, 689, 693 
ecthymaUs, 689, 700 
suis, 689, 699 
vanolae, 689, 697 
Borreliotaceae, 689, 692 
Borrelomyces peripneumoniae, 6l6 
Botulism, 499 
toxin, types of, 499 
in wild ducks, 499 
Boutonneuse fever, 600 
Bovimyces plcuropneumomae, B16 
Bovine dysentery, cause of, 319 
Bovine farcy, 577 
Bovine infectious keratitis, 428 
Bovine leptospirosis, 591 
Bovine masUtis, 266, 298, 307, 405 
diagnosis of, 267 
Bovine metntis, 273 
Bovine pleuropneumonia, 615 
Bradsot, 478 
Braxy, 478 
Bnareus, 821 
vancellac, 821 
Brilliant green, bile 2%, 89 
Brondiopneumonia, 307 
of foak, 521 

Brownian movement, 25 
Brucella, 250. 377 
abortus, 377 
abortus nng test, 391 
^ctenostatic acUon of dyes on, 385 
bronchiseptica, 392, 772 
caniculae, 392 
differentiation, 381 
dissociation of, 382 
mallei, 431 
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melitensis, 377 
suis, 377 
tularense, 412 
Brucellosis, 385 
agglutination test for, 391 
complement-fixation test for, 212 
diagnosis, 390 
in hogs, 389 
transmission of, 379 
Bryophyta, 21 
Bubonic plague, 408 
Bucket centrifuge, 667 
Bull nose, 307 
Burst times, 825 


Calf diphtheria, 443, 447 
Calf dysentery, 329 
Calf pneumonia, 405 
Camel pox, 696 
Canary pox, 693 
Canavalin, 144 
Candida, 637 
albicans, 637 
Canine cystitis, 338 
Canine distemper, 393, 690, 770 
inclusion bodies of, 772 
Canine hematuria, 338 
Canine hepatitis, 691, 804 
Canme oral papillomatosis, 689, 721 
Canme prostatitis, 338 
Canme pustular dermatitis, 299 
Canme tonsillitis, 276 
Capsular antigen, 171 
Capsule stains, 79 
Hiss method, 79 
Johne’s method, 79 
Carbohydrate broth, 83 
Carbohydrates, fermentation of, by 
bacteria, 56 

Carbol fuchsin stam, 78 
Carbomycin, 140 
Carbon dioxide, 50 
Carbozoo, 467 
Carrot medium, 99 
Caseous lymphadenitis 
m deer, 513 
m sheep, 513 515 
Cathode rays, 103 
Cattle warts, 689, 720 
Cause of disease, early theories of, b 
Cell blockade of viruses, 661 
Cellulose filter, 665 
Centrifugation, 667 
Centrifuge, 667 
Cervicitis, 263, 329 
equme, 334 

Chapman Stone medium, 97 
Charbon symplomatique, 472 
Charonaceae, 690 , , nn 

Chemical disinfectants, action of, 
Chemical disinfection, HO 
factors affecting, 110 
Chemosvnthelic organisms, 51 
Chomolaxls, 51 


Chemotaxis, negative, 222 
Chemotropism, 51 
Chicken embryo 
lesions of, 678 

technics of moculatmg, 674 
allantoic, 674, 675 
amniotic sac, 674, 677 
chono-allantoic membrane, 674 
intracerebral, 673 
intraembryonic, 677 
mtravenous, 677 
yolk sac, 674 

virus propagation in, 673 
Chicken pox, 821 
Chief agglutmins, 194 
Chlamydospores, 37, 38 
Chlamydozoaceae, 250, 596, 609 
Chlamydozoon, 609 
oculogenitale, 609 
trachomatis, 609 
Chloramme-T, 124 
Chloramphenicol, 132 
Chlorme, 124 
Chloroform, 125 
Chloromycetin, 132 
Chlortetracyclme, 132 
Chocolate agar, 88 
Cholera, Asiatic, 310 
Chromatin, 27 - 

Chromobacterium lodinum, 14/ 
Chromolysis, 41 

Chronic abscessmg mastitis, 512 
Chronic dysentery of aattl^ 549 
Chronic dysentery in newborn pup 

Chrom? respiratory disease of chick- 
ens, 621 -,9 

Chronic suppurative pneumonia, 512 
Citrmin, 143 

Classification, systems of, 240 
Clavacm, 143 
Claviformm, 143 
Chtocybme, 143 
Clostridia r 171 

biochemical reacbons of, 471 
ceneral descripbon of, 471 
Clostridium, MO, 470 
botubnum, «1, 496 
botulinum, Type E, 497 
chauvoei, 471 
hemolyUcum, 471, 487 

hemolyticum-bovis, 487 

histolyticum, 501 
novyi, 471, 480 

oedcmatiens 481 
oedemotis, 477 
ocdcmatls maligni, 4// 
oedematoides, 490 
ovitoxicum, 484 
pnrobotulinum 

parobotulinum Type D. 497 

pcrfrmgcns. 471. 4^ 
various strains of. 48 j 
ficpticum, 471, 4H 
sordcllii. 471. 490 
aporogencs. 501 
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Clostndmm (continued) 
tetaiii, 411, 492 
v?eleha, 484 
Coagglutmms 194 
Coagulase, 153 
of staphylococci, 294 
Coccidioidal granuloma, 646 
Coccidioides, 646 
immitis, 646 
Coccidioidomycosis, 648 
CoccobaciUus mycmdes peripneumo- 
niae, 61 b 

Coccus, definition of, 22 
Cocto-precipitins, 202 
Cold. 690, 168 
Cold sores, 705 
Colesiota, 250, 611 

conjunctiva-gallii, 611 
conjuncUvae, 611 

Coh-aerogenes group, presumptive 
test for, 332 
CoUbaciUosis, 329 
Cohgranuloma, 329 
Colbgenase, 153 
Collodion filter, 663 
Collodion particle agglutination, tech- 
nic of, 202 
Colloidal iodine, 124 
Columella, 37 
Commensalism, 52 
Common cold, 690, 768 
Complement, 207 


CorastalVv poisoning, 501 
Corynebacteria, differentiation of, 505 
Cbrynehactenaceae, 250 
Corynebacterium, 250, 504 
diphthenae, 505 
equi, 504, 519 
metritis, 523 
ovis, 513 

pseudodiphtheriticum, 522 
pseudotubercrulosis, 504, 512 
pyogenes, 504, 509 
pyogenes equi roseum, 519 
renale, 517 
renalis, 504, 517 
Coryza of the fowl, 426 
Cotton plug 12 
Cow pox, 698 
Cowdria, 250, 605 
rummantium, 605 
CoxielU, 250, 601 
burnetii, 601 
Cryptococcosis, 636 
Cryptococeus, 636 
farciminosus, 638 
neoformans, 626 
Crystal-violet vaccine, 785 
Culture dish, spray, 71 
Culture media 
beef extract broth, 83 
Besredka’s bouillon, 534 
blood agar, 86 

blood-slucose-cystine agar Francis, 



Index 837 


SIM medium, 94 

sodium azide, crystal violet blood 
agar, 87 

SS (Salmonella-Shigella) agar, 92 
staphylococcus medium No 110, 97 
staphylococcus toxm, 97 
sugar-free broth, 83 
tetrathionate broth base, 90 
thioglycollate medium, 98 
tomato juice, 99 
tryptophane broth, 85 
urea agar base, 92 ^ ^ , 

Verwoort’s medium, Schuixner s 
modification of, 589 
Cultures, incubation of, 67 
Cutaneous glanders, 435 
Cutaneous test for glanders, 436 
Cystitis, 287, 329 
Cytolysis, 204 

D 

Dairy bacteriology, definition of, 5 
Dakin’s solution, 124 
Decarboxylation, 58 
Denitrification, 59 

Deodorant, 101 , , ... 

Dermonecrotoxm of staphylococci, dvi 
Dermoteopic viruses, 687 
Desensitization, 232 
Desiccation, 107 
Desoxycholate agar, 90 
Detergents 
anionic, 126 
cationic, 126 
Dichloramme-T, 124 
Dick test, 259 
Dihydrostreptomycm, 138 
Diphtheria, 260, 299, 505 
Diphtheria bacillus, 505 
Diphtheria toxin, 507 
Diphtheriod organisms, 522 
Diplococci, definition of, 24 
Diplococcm, 137 
Diplococcus, 250 
gonorrhoeae, 285 
intracellularis meningitidis, 283 
lanccolatus, 281 
menmgitidis, 283 
of Neisser, 285 
pneumoniae, 280 
Discomyccs bovis, 572 
Disease, 149 

contagious, 149 ^ 

diagnosis, agglutination tests In, 
infectious, 149 , , . 

kinds of bacteria in relationship to, 

150 , 

proof of relationship of a 

organism to, Koch’s rules, 161 
typea of, 149 
Disinfectants 
chemlenl. action of, 112 
in common use, 121 
CNnluation of, 115 
ngnr plate mctliod 118 


dry filter paper method, 118 
serum agar plate method, 119 
wet filter paper method, 117 
Dismfection, 100 
by cathode rays, 103 
chemical, 110 
by desiccation, 107 
by electricity, 103 
factors affectmg, 110 
by filtration, 109 
by flame, 105 
by freezmg, 107 
by heat, 103 
by hot air, 105 
by light, 101 
by pasteurization, 105 
physical, 101 
by radium, 103 
by roentgen rays, 103 
by some waves, 103 
by steam under pressure, 106 
by streammg steam, 106 
by supersonic waves, 103 
at temperatures lower than the 
boilmg pomt, 105 
by X-rays, 103 
Dissociation, 32 
types of, 32 
Distemper 
canme, 770 
feline, 690, 768 
ferret, 774 

Distemperoid vaceme, 773 
Dorset’s egg medium, 95 
Dorset’s synthetic medium, 96 
Drene, 127 

Drug allergy, 236 . . 

Dry filter-paper method, 

Dumb rabies, 753 
Dunham’s solution, 85 
Dysentery, 372 
vibnonic, in swine, 323 


icrthella 

typhi, 349 

typhosa, 349 

iriscosa, 372 

thyma of sheep, 7UO 

[wards’ medium, OT 

irhch’s lateral chain, 174 

cctricity, 103 

ectron microscope, 10, C57, 
photograph of, 657 
cctrophorcsis 173 
ementary body, 653 
sire of, 654 

.«hntecf.C74 

icipsulalus 
idoconiltis, 2S2, 

.ccphaUlIj croup,, f**' ^ 
idMtilc cliolcro, 
docanJltU, 2ie.J37.01 

In the pig 3M 
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Endo’S agar (modified), 91 
Endospores, 29 

Endotoxin, 182 / 

Enterobacteria, 324 
differentiation of, 325 
Enterobacteriaceae, 2S0 
Enterotoxemia of ahoep, 48G 
Enterotoxm of staphylococci, 292 
Enzymes 
action of, 53 
definition of, 53 
extracellular, 53 
intracellular, 53 
naming of, 54 
types of, 54 

Eperythrozoon, 250, 607, 608 
coccoides, 609 
dispar, 609 
ovis, 609 
varians, 609 
wenyoni, 609 
Eperythrozoonosis, 609 
Epidemic tremor, 739 
Epizootic lymphangitis, 637 
^Uine abortion, 308, 354, 691, 731 
Equine cerviciUs, 334 
Equine encephalomycbtis, 690, 734 
Equine infectious anemia, 691, 811 
Equuie influenza, 691, 791 
Equine metritis, 334 
Erosive stomatitis of cattle, 689, 709 
Erro, 690, 727 
bomensis, 690, 738 
equmus, C90, 734 
gallinae, 690, 739 
mcognitus, 690, 729 
laponicus, 690, 730 
mil, 690, 733 
scelestus, 690, 731 
scoticus, 690, 727 
silvestris, 690, 728 
tenbroecVui, 690. 734 
venezuelensis, 690, 734 
Crronaceae, 690, 727 
Erysipelas 260 
Erysipelothnx, 250, 561 
erysipeloides, 562 
monocytogenes, 562 
munseptica, 562 
porci, 562 

iKusiopathiae, 562, 783 
Erythrogenic, 2S9 
Erythromycin, 139 
Es<dienchia, 250, 324 
antigenic strurture of. 328 
cob, 325, 326 

cob var acidilactici, 326 
cob var. conunumor, 326 
cob var neapobtana, 326 
freundii, 3^ 
intermedium, 325 
Ethyl alcohol, V2^ 

Eubacteriales, 245, 250 
European bl^tomycosis, 635 
Eurythermic, 48 


Exanthematous diseases, 1G4 
Exotoxin, 182 

F 


Facultative microorganisms, 50 
Far EastcTTv crvcephaliUs, 690, 728 
Farcy, 435 

Fats, fermentation of, by bacteria, 57 
Favus, 639 

FcluiC agranulocytosis, 795 
Feline distemper, 690, 7C8 
Feline enteritis, 795 
Fermentation, 12 
Ferret distemper, C90, 774 
mclusion bodies of, 774 
Fever blisters, 705 
Fibnnolysm. 153, 259 
q( staphylococci, 294 
Filamentous bacteria, definition of, 22 
Fillenf, 664 

preparation for use, 6G5 
type* of, 6&4 
Filtrate, 169 
Filtrate disease, 765 
Fjltratlci., 17, 109, 6G4 
efficiency of, factors governing, 668 
tcchnie of, CGC 
Flagella, 25 

arrangement of, on bacteria, 26 
sums, 78 

CasareS'Gil’s method, 79 
Loeffler’s method, 79 
Flagellar antigen, 171, 191 
Flame, 105 

Flash method of pasteunzation, 105 
Flavacidm, I41, 143 
Flavacm, 143 

Flavobactenum pseudomallei, 437 
Flexner bacillus, 370 
Flood fever, 600 
Flu, 762 

Fluorescence, 44 
Fluorescin, M6 
Floormc, 124 

Fluxy strain of rabies virus, 755 
Foals suppurative pneumonia of, 519 
Food bacteriology, definition of, 4 
Foot-and-mouth disease, 689, 712 
Foot-and-mouth disease group. 689, 
712 

Foot rot, 447 

Forage poisoning in horses, 499 
Formal toxoid (FT), 508 
Fonnaldebyde, 126 
Formabn, 126 

Formate ncmoleate broth, 90 
Fomudo, 690, 750 
inexorabilis, 7W 
Formula, 126, 133 
Forsstnann antigen 171 
Fowl cholera, 405 
Fowl coryza, 426 
Fowl leucosis, 691, 813 
Fowl pest, 691, 797 
hemagglutmation of, 798 
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Fowl plague, 797 
Fowl pox, 689, 693, 695 
Fowl spirochetosis, 580 
Fowl typhoid, 367 
Fox encephahtis, 691, 772, 804 
inclusion bodies of, 806 
Fractional sterilization, 12, 106 
Frankel’s pneumococcus, 280 
Freezing, 107 
Friedlander bacillus, 334 
Fumigacm, 143 
Fumigatin, 143 
Fungi 

classification of, 633 
unperfecti, 22, 35, 633, 642 
pathogenic, 632 
Fungicide, 100 
Furacin, 115 
Furious rabies, 752 
Fusarium javanicum, 143 
Fusiformis necrophorus, 443 
Fusobacterium, 250 


hostis, 689, 712 
klebsiella, 324, 333 
legio, 690, 743 
leptospira, 580, 586 
listeria, 450 
malleomyces, 431 
micrococcus, 288 
microsporum, 640 
xniyagawanella, 609 
molitor, 689, 720 
mucor, 634 
mycobacterium, 526 
mycoplasma, 615 
neisseria, 280 
nocardia, 572 
paracolobactrum, 330 
pasteurella, 398 
phagus, 824 
proteus, 335 
pseudomonas, 304 
rabula, 691, 816 
rhizopus, 635 
nckettsia, 596 
calmnnplla. 341 
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Growth accessory substances, 55 
Gruber-Widal test, 195 
Guamien bodies, 697 ... 

Guinea pig salivary gland disease, 
691, 816 

H 


H antigen, 170, 191, 346 
diphasic, 346 
non-specific phase oi, 346 
specific phase of, 346 
ha. test, 683 

Habel test, 756 

Hacmohartonella, 250, 607, 608 
blarmae, 608 
bovis, 60S 
cams, 608 
TftlCTOVll, 60S 
muns, 608 
peromyscu, 608 

pcromyscii var maniculati, 608 
sciUTU, 60S 
gturmanii, 603 
tyaen, 608 

Haemobartonellosis, 608 
Halogens, 124 , ^ , 

Hamster sabvary gland disease, 691, 
817 

Hanging drop, technic of, 73 

Haptene, 170 

Kaptophore, 184 

Hard pad disease, 772 

Hay fever, 236 

Hcartwator, 605 

Heat, 103 

Keliotropism 52 

Hclvolic acid, 143 

HemaggluUnating unit, 685 

Hemagglutination, 197, 680 

HetiugglutmaUon inhibition, 685. 686 

Hemolysin, 152, 206, 208 
immune, 208 
titration of, 212 
unit of, 213 

Hemolysis, applications of, 215 
Hemol>tic antibody, 208 
Hemolytic icterus, 199 
Hemophilus, 250, 420 
bovis, 428 
cams, 421, 426 
cumculi, 421, 429 
gallinarum, 421, 42S 
influenzae, 420, 421, 762 764 
relationship to H suls, 421 
influcnzac-suis, 422 
influenzae \ar suis, 422 
ovls, 421, 426 
pyogenes, SCO 
suis, 421, 422. 765 
licTOorrhagic septicemia, 398 399 4* 
Hemotoxm. 185 
of tUphylococcl. 291 
Herpes, 638 
Herpes circlnatus, WO 


Herpes group, 689, 705 
Herpes simplex, 705 
HeterophiJe antigens, 171 
l^S^catlOTi oi, 1.72 
Heterotrophic bacteria, 52 
HI test, 685 

Hibler’s brain medium, 95 
Hiss serum water, 84 
Histamm, 58, 234 
Histadme, 58 
Histopla^a, 644 
capsulatum, 644 
Hjarre’s disease, 329 
Hoegyes vaccine, 755 
Hog cholera, 341. 691, 781 
inclusion bodies of, 783 
Holding method of pasteurization, 105 
Hormone agar, 88 
Horse pox, 698 
Hostis, 689, 712 
equmus, 689, 716 
exanthematis, 689, 717 
pecoTis, 689, 712 
Hot air, 105 

Human bacteriology, definition of, 5 
Human C, 255 
Human influenza, 421, 762 
Hyaluronic acid, 153, 260 
Hyaluxonidase, 153, 260 
of staphylococci, 295 
Hydrogen-ion concentration (pH), 
50 

Hydrogen peroxide, 126 
Hydrogen sulphide, 91 
Hydrolases, 54 
Hydrotropism, 52 
Hypersensitivity 
l»ctenal, 236 
classification of, 230 
Hypha, 36, 632 
Hyphomycetes, 35 
TCwrtfrrtAogy rfl, Tio 


Icterohemoglobmuria of cattle, 490 
Ideal disinfectant, diaractenstics of. 
Ill 

Qhnois strain of virus pneumonia, 611 
lUununabon 
dark-field, 72 
methods of, 71 
Irranunity 
acquuw, 167 
active, 167 

methods of producing 167 
cellular, 225 
cellular theory of, 18 
QirUch's theories of, 175 
humoral, 225 
humoral theory of, 18 
individual, 166 
neutralization, 225 
passive 369 
prmciples of, 166 
nde-chain theory of. 19, 174 
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‘species, 166 
tvpes of, 166 
to viruses, 663 

Immunology, definibon of, 5 
Inappartnt carrier, 663 
Inapparent infection, 157 
Inclusion body, 662, 753 
Indol test, 85 
Infant diarrhea, 307 
Infection 
atria of, 158 
cryptogenic, 159 
endogenous, 158 
exogenous, 158 
focal, 164 
mechanism of, 149 
mixed, 163 
primary, 1G3 
secondary, 164 

Infectious, definition of, 149 
Infectious agents, transmission of, lao 
Infectious anemia group, 691, 811 
Infectious bronchitis, 690, 776 
Infectious bulbar paralysis, 705 
Infectious diseases, general types of, 
163 

Infectious enteritis, 341 
of pigs, 357 

Infectious necrotic hepatitis, 48i 
Influenza, 690, 762 
equme, 263, 270, 791 
hemagglutmation of, 763 
of man, 421 
of swme, 421, 765 
Influenza B, 691, 767 
Influenza group of bacteria 420 
Influenza group of viruses, 690 76^ 
Inner ear infection, 307 
Inoculation 
cutaneous, 162 
inhalation, 163 
mtracardial, 163 
mtracranial, 163 
mtracutaneous, 162 
mtradermal, 162 
intramammary, 163 
intramuscular, 163 
intraneural, 163 
mtraocular, 163 
mtrapentoneal, 163 
intrapulmonary, 163 
intraspmal, 163 
intrathoracic, 163 
intratracheal, 163 
intravenous, 163 
methods of, 162 
oral, 163 
rectal, 163 
subcutaneous, 162 
luorginjc compounds 

oxidation of by bacteria, Ss 
reduction of by bacteria, 59 
InlrnTerencc phenomena of viruses 
C61 

Invertnse, 54 
Iodine, 12t 


lodmm, 137 
Iodoform, 124 
Isoantibodies, 173, 197 
Isohemagglutinm, 197 
Isopropyl alcohol, 125 

J 

Japanese B encephahtis, 690, 730 

Japanese flood fever, 600 

Javanicin, 143 

Javelle water, 124 

Johne’s bacillus, 549 

Johne’s disease, 549 

Johnm, 553 

Jomt ill, 374 

Joint infection, 263, 329 

K 

K antigen, 328 
Kahn test, 201, 585 
Kedani fever, 600 
Keel disease, 364 
Keratitis 

of bovines, 428, 611 
of chickens, 611 
of goats, 611 
of sheep, 611 
Kitten test, 293 
Klebs-Loeffler bacillus, 505 
Klebsiella, 250, 324, 331 
genitahum, 333 
pneumoniae, 334 

Kligler iron agar, 94 

Koch’s Old TubercuUn (KOT), 53b 

Koch’s phenomenon, 543 

Koch’s postulates, 161 

Kovac’s reagent, 85 


LaborSory methods, development of, 

Lactobactenaceae, 250 
Lamp, ultraviolet, 658 
Lamziekte m 

Laryngotracheitis, 690, 775 
Lead acetate agar, 93 
Lecithmase, 153 
Ledo, 690, 743 

debihtans, 690, 743 
Leprosy, 554 
Leptospira, 250, 580, 58 j 
camcola, 587 

icterohemorrhagiac, 58 ^ 

pomona, 591 

Lcucocytosis, 223 

LlmbomTCk m 'thickens 499 
Lip-and-Icg ulceration, 447. *09 
Listcrclla 

hepatolytJca, 451 
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LisiereUa (coutmued) 
monocytogenes, 451 
OVIS, 451 
Listerellosis, 451 
Listeria, 250, 450 
monocytogenes, 450 
Listeriosis, 451, 454 
Liver infusion agar, 89 
Loeffler’s blood serum medium, 9 d 
L oefElerella 
mallei, 431 
whitmon, 437 
Lophotrichous bacteria, 26 
Louisiana strain of virus pneumonia, 
611 

Loupitig-iU, 690, 727 
Lymphocytic Aonomeningilis, 690, 
744 

Lyophilization, 108 
Lysoryme, 131 

Lytic antibodies, production of, 208 

M 

Macrocytase, 224 
Macrophages, 221 

Macroscopic agglutination plate test, 
196 

Macroscopic agglutination tube test, 
196 

Mad-itcb, 705 

Mabgnant catarrhal fever, 817 
Mabgnant edema, 479 
Malleui test, 435 
Malleomyces, 2M, 431 
equestris, 432 
mallei, 4^ 
pseudomallei, 437 
Mandler filter, 665 
Mannitol salt agar, 96 
MasUtis, 260, 263, 307, 329 
bovine, 266, 307 
streptococci, 264 

ddferenti^ characteristics of, 266 
Mastoiditis, 298 
Mclntosh-Fildes apparatus, 69 
Measles, 260, 821 
Meat udusion broth, 82 
Meats, diflerentlation of by precioita- 
tion, 201 ^ 

MecholyL 

Media, technic of inoculation of. 64 
Medical bacteriology 
definition of, 5 
history of, 6 
Meboidosis, 426 

MennmEitis, 282, 285, 302, 690, 7« 
Mesophilic, 48 ' ' j 

Metachromatic granules. 28 
stains for, 80 
Mbert’s stain, 80 
Neisser’s stam, 80 

glutmosum. 143 
Metfiylene blue stam. 78 
Metritis, 263 
of the bovine, 329 
of the equine, 273, 334 


Miasmatic theory of disease, 7 
Micrococcaceae, 250 
Micrococcus, 2M, 288 
ascofonnans, 301 
aureus, 296 
gonorrhoeae, 285 
pyogenes var albus, 296, 300 
pyogenes var aureus, 296 
weidiselbaumn, 283 
Micromyces peripneumoniae bovis 
contagiosae, 616 
Micron, definition of, 24 
Microphages, 219 
Microscope, influence of, 8 
Microscopic agglutination test, 196 
Microscopy of viruses, 667 
Microspim comma, 310 
Microspora metchnikovii, 312 
Microsporum, 640 
audouim, 640 
cams, 640 
felmeum, 640 
gypseum, 640 

Mi&. changes produced in, 85 
“Milker’s nodules,” $98 
Milabrand, 465 

Mmimum hemolytic dose (MHD), 185, 
300 

Minimum lethal dose (MLD), 185, 508 
Miscellaneous compounds, 125 
Miyagawanella, 250, 609 
felis, 610 
illmi, 611 
louisianae, 611 
ornithosis, 610 
pneumoniae, 611 
psittacii, 609 

Modified live virus vaccine, 785 
Molds 

morphology of, 35 
nonseptated, 36 
septated, 36 
MoLtor. 689, 720 
bovis. 690, 720 
buccjilis, 690, 721 
gmgivalis, 690, 723 
hortums, 690, 720 
myxomae, 690, 724 
sylvilagi, 690, 724 
tumoris, 690, 722 
verrucae, 690, 720 
MoUuscum contagiosum, 690, 720 
MoniUa albicans, 637 
Moniliasis, 637 

Mononuclear leucocytosis m rabbits, 
450 

Monotnchous bacteria, 26 
Moraxella 
anatipesUfer, 429 
bovis, 428 

MorhiUifex itracblUorum, 621 
Mordants, 75 
Motile streptococcus, 277 
Mouse ectromeUa, 689, 702 
Mouse pobomyelitis, 746 
Mouse pox, 702 
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Mouse salivary gland disease, 691, 817 
Mouse septicemia bacillus, 562 
Much granules, 531 
Mucor, 634 
pusillus, 634 
racemosus, 634 
Mumps group, 691, 816 
Mumps virus, 691, 816 
Murine typhus, 597 
Mycelium, 36, 632 
Mycobacteriaceae, 250 
Mycobacterium, 250, 526 
avium, 526, 527 
chelom, 527 
lacticola, 527 
leprae, 526, 553 
lepraemunum, 526, 555 
mannum, 527 
muns, 526, 544, 556 
paratuberculosis, 526, 549 
medium for growth of, 551 
phlei, 527 
piscium, 527 
ranae, 527 
thamnopheos, 527 
tuberculosis, 137, 526, 527 
ulcerans, 558 
Mycoplasma, 615 
agalactia, 620 
arthritidis, 626 
bovigenitale, 623 
cams, 627 
gallmarum, 621 
hyorhmis, 622 
maculosum, 627 
uiycoides, 616 
mycoides var capri, 619 
neurolyticum, 627 
peripneumoniae, 616 
pulmonis, 624 
Myxomycetes, 22, 633 

N 

Nasal catarrh m the cat, 611 
Nasal glanders, 434 
Navel infection, 263, 329 
of fowl, 820 
Necrobacillosis, 447 
Necrotic hepatitis, 447 
Necrotic vulvitis, 447 
Negri bodies, 753 
stam for, Lentz method, 82 
Neisseria, 250 
gonorrhoeae, 285 
mtracellulans, 283 
meningitidis, 283 
Neisseriaceae, 250 
Neoprontosil, 114 

Nervous disorders m newborn pup- 
pies, 339 

Neuro-paralytic accident, 756 
Neurotropic viruses, 687 
Neutralization test, 681 
Newcastle disease, 691, 777, 799 
hemagglutinoUon of, 801 


Nicotinic acid, 55 
Nitrate agar, 93 
Nitrification, 59 

oxidation of by bacteria, 59 
test for, 93 
Nitrofurazonc, 115 
Nitrogen cycle, 60 
diagram of, 61 
Nitrogen fixation, 60 
Nocardia, 250, 572 
actinomyces, 572 
caprae, 577 
farcinicus, 577 
Normal anUbodies, 17d 
North American blastomycosis, 643 
Notatin, 143 
Novy apparatus, bi) 

Nutrient agar, 86 

Nutrient gelatm, changes m, 86 


, antigen, 170, 191, 336, 346 
Ibjectives, oil unmersion, (0 

m newboni puppies, 339 

!jSbaS;i^“?St %r glanders, 436 
)psonic index, 220 
)psonm, 219 
immune, 220 
normal, 220 
role of, 219 

)rganotropic viruses, 6S7 
>mithosis, 610 
)roya fever, 607 
>steomyehtis, 

)Utis media, 

>vme abortion, 356 
)vine enterotoxemia, 486 
)xidases, 54 

Dxyteiracycline, J-oo 

P 

nacmia cholerae ae'ebcae, 310 
’alprebral test ggj’ 769 

iianleucopema, of eats, 691, 

Lfcybc ecd, 536 

^-Sta'SSia 30 
Arizona group, 330 
BaUenip group, 331 

Parasites, ’ 

Paratuberculosis, 54J^ 352^ 362 

KS mSi 102 

Partial antigen, 170 

Parvobaclcriaceac, 250 

Paschen bodi^ fjccincs, 460 

Klour-CtSXrland filten 005 

rabies lacc.ne, 753 
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Pasteur treatment 753 
Pasteurella, 250, 398 
a%iaire, 400 
aviseptica, 400 
bovine, 400 
boviseptica, 400 
canine, 400 

cholerae-gallmarum, 400 
davamei, 400 

differential characteristics of, 399 
equine, 400 
equiseptica, 400 
hemolytica, 407 
lepiseptica, 400 

multocida, 399, 401, 772, 781, 792 
types of, 404 
muriseptica, 400 
ovme, 400 
ovisepbca, 400 
pesUs, 408, 412 
pluriseptica, 401 
porcine, 400 

pseudotuberculosis, 412, 415 
sepbca, 401 
suiseptica, 400 
tularensis, 412 
Pasteurellosis, 399 
ot calves, 405 
of cattle, 403 
of chiclcens. 405 
of ducks, 405 
of sheep, 405 
of swine, 405 
Pasteurization, 105 
flash method, 105 
holding method, 105 
Pathogenic fungi, 632 
PeniciUic acid, 143 
Pcnjcilhn, 131, 140 
dihydro P, I4i 
P, 141 
G, 141 
K, 141 
X. 141 


Phagocytic cells, 221 
Phagocytic mdeX, 221 
Phagocytic process, 222 
Phagocytosis, 218 
in disease diagnosis, 226 
in immunity, significance of, 224 
Phagus, 824 
Phenol coefficient, 116 
metlmds of determining, 116 
Phenols and related compounds, 123 
Photoqmftetic organisms, 52 
Phototropism, 4$ 

Phihiocol, 137 

Phycomycetes, 22, 35, 633, 634 
Physical allergy, 236 
Phytomonas polycolor, 308 
Phytopbagineae, 689 
Pigeon pox, 693 
Pigments 
bacterial, 44 
cellular, 44 
extracellular, 44 
water-msoluble, 44 
water-soluble, 44 
Pimelic acid, 55 
Piroplasmosis, 5S2 
Plague, 408 

Plant bactenology, definition ot, 4 
Plasmin, 259 
Plasmodesma, 23 
Plasmolysis, ^ 

Plectndium tetani, 492 
Pleurisy, 260, 282 
Pleuropneumonia 
of bovmes, 616 
of calves, 405 

Pleuropneumonia group, 613 
Pneumococci, serologic types of, 281 
Pneumococcus, 280 
Pneumoentcntis, 690, 769 
Pneumomycosis, 641 
Pneumonia, 2B0, 282, 298 
_ in the dog, 338 



/ndex 845 


PPD, 547 

Precipitation, 190, 199, 680 
mechanism of, 200 
test for glanders, 436 
uses made of, 200 
Precipitin, 199 
Preisz-Nocard bacillus, 512 
Prepucial infection of dogs, 425 
Preservative, 101 

Presumptive test for coli-aerogenes 
group, 332 
Proctitis, 286 
Prodigiosin, 137 
Promin, 114, 536 
Prontosil, 114 
Prophylaxis, 228 
Protection tests, 680, 682 
Proteinase, 259 , . • m 

Proteins, hydrolysis of, by bacteria, ai 
Proteolysis, 58 
Proteus, 250, 324, 335 
ammoniac, 337 
hydrophilus, 336 

Pseudo-foot-and-mouth disease, 

793 

Pseudoanthrax bacilli, 458 
Pseudoglanders, 431 
Pseudomonadaceae, 250 
Pseudomonas, 250, 304 
aeruginosa, 130, 304 
fluorescens, 137 
pyocyanea, 304 
pyocyanosis, 304 
Pseudorabies, 689, 705 
Pseudotuberculosis, 513 
of rodents, 415, 417 
Psittacosis, 609 
Psychrophilic, 48 
Pteridophyta, 21 
Puberulic acid, 143 
Puerperal sepsis, 260 
Pullorum disease, 362 
Purified protein precipitate, 547 
Purpura hemorrhagica, 792 
Pyelonephritis, 329 
of the bovine, 518 
Pyemia, 164 
in lambs, 299 
Pyobacillosis, 512 
Pyocyanase, 130, 306 
Pyocyanine, 304, 306, 307 
Pyosepticemia, 374 
Pyrogenic, 154 


Q-fever, 601 ^ 

Quartemary ammonium salts, * 
Quellimg reaction, 282 


R 

R colony, 32 ^ 

Rabbit mouth warts, 089, 723 
Rabbit myxomatosis, 689, 724 
Rabbit warts, 689, 724 
Rabies, 690, 750 


Rabies vaccine 
avianized, 755 
types of, 753 
Rabula, 691, 816 
exiguus, 691, 817 
inflans, 691, 816 
innocuus, 691, 817 
latcns, 691, 817 
levis, 691, 816 
Rabulaceae, 691, 816 
Radium, 103 
Ramalina, 144 
Rat leprosy, 555 

Rat salivary gland disease, 691, 817 

Ray fungus, 572 

Rcagin, 236 

Red leg of frogs, 33b 

Reedella 

evagatus, 690, 759 
valhs, 690, 759 

Reticulo-endothehal system, 222 

Rh factor, 199 
Rheumatic fever, 260 
Rhizopus, 635 
equinus, 635 

rhizopodiformis, 635 

Rickettsia, 250, 596 
akari, 601 
bovis, 601 
bumeti, 601 
canis, 601 
conorii, 600 
diaporica, 602 
ovina, 601 
prowazekii, 596 
rickettsii, 598 

tsutsugamushi, buu 

typhi, 59T 

Bickettsiaceae, 250, 59t> 
Rickettsiales, Z50, 595 
Rickettsialpox, 601 

Rift Valley fever 690, 759^^ 

Rinderpest, 691, 7» I, or . 

Ringworm, 639, 640 

Roccal, 126 _ cnnttpd fever, 598 

Rocky Mountam spotted 
Roentgen ray|, l"-* 

Botzbacillus, 431 
iSfs“”uble sugar agar, 95 


Louis cncephahUs, 6JU, 

nonella, 250, 34 

jortion, 354 354 

jortivoequina, 342, 
jortus-equi. ^ 
jortusovis, 342, 356 
Timoniae, 
latis, 343, 344 

S^nic'rtrocture of represent- 

tive, 315 
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Salmonella (continued) 
bareilly, 343 
bredeny, 343, 345 

ctoleraesuis, 343, 345, 357, 781, 824 
classification of, 345 
derby, 343 

difierenUal metabolic charactetis* 
tics of 314 
dublin, 343. 345 
enteritidis, 343, 345, 259 
enteriUdis var danysz, 359 
enteritidis var dublin, 359 
ententidis var cssefi, 359 
enteritidis var rostock, 353 
gaibnarum, 343, 345, 365 
give, 343. 347 
herschfeldii, 341 
meUagtidis, 353 
meleagris, 343 
muenchen (Ore), 343 
newporl, 343, 352 
oranienhurg, 343 

outbreaks of infections of, in vari- 
ous animal species and in man. 
343 

panama 352 

paratypKi, 341, 343, 347 

paratypbi A, 347 

paratyphi B, 343 

pestis caviae, 352 

prevalence of various types of, 342 

psittacosis, 352 

pullorum, 343, 345, 361 

rubislaw, 352 

schoUtnuellen, 341 

serological classification of, 345 

sxupestiier, 357 

types, TOimbet encountered In ani- 
mals, 342 
typbimurmm, 343 
typhisnis, 359 
tjiphosa, 341, 824 
typhosus, 349 
typing of, 346 
Worthington, 343 
Salmonellosis, 353 
outbreaks of, 342 
Salts of heavy metals, 123 
San Joaquin Valley fever, 646 
Sanitary bacteriology, defimlion of. 5 
Saponin, 467 

Sapomzed anthrax vaccine 467 
Saptemia, 164 

Saprophytes, definition of, 52 
Sarcina, definition of, 24 
Scarlet fever, 259, 260, 298 
milk -borne epidemic of, 26© 

Scelus, 689, 705 
beta 689, 707 
bovmum, 689, 709 
recurrens, 689, 705 
sviiUum, 689, 705 
tertium, 689, 708 
ulceris, 689, 709 
|c^ck test, 189 508 
=>«UM)mycete5, 22, 245 


Shwartzman phenomenon, 237 

Scratch! s, 447 

Scrub tvphus, COO 

Seitz filler, 605 

Selenite broth, 91 

Sensitizer, 205, 206 

Septa. 30 

Septic sore throat, 2C0, 298 
mllk-bome epidemic of, 2C0 
Sop4icemia, 164, 200, 307 
in chickens, 274, 307 
of frogs, 336 

Septicemic cholera of cJilckcns, 31u 
Serratia marccsccns, 137 
Serum agar-plate method, 119 
Serum broth, 84 
Serum neutralization, C8l 
Scrum sickness, 235 
SF strain of virus pneumonia, 611 
Shadow casting, 665 
Sharpies cenlnfugc, 667 
Sheep pox, C9S 
Shiga bacillus, 370 
Shigella, 250, 370 
dysentenac, 371, 824 
dysentenae, Flexner type, 371 
dyscntcriac, Schmitz type, 371 
dysentenae, Shiga type, 371 
dysentenae, Sonne type, 371 
cquirulis, 372 
pfafiii, 374 
reltgeri, 375 
Shipping fever, 791 
SIM medium, 94 
Simplexm, 137 
Sinusitis, 282, 298 
Skm allergy, 236 
Skm test dose (STD), 185 
Skm wound 
m the cow, 338 
•zv tbA dft?;, ISa 
Smallpox, 260, 298, 696 
SmiUie appartus, C9 
Snotsiekte, 817 
Soap 126 

Sodium azide, crystal violet blood 
agar, 87 

Sodium fluoride, 125 
Soil bacteriology, definition of, 4 
Solar microscope, 10 
Solid media, 17 

Soluble specific substance, 43 
Somatic antigen, 170, 191 
Sonic waves, 203 
Sonne bacillus, 370 
Sore-mouth, 700 
Spectrum, 102 
Spermatophyta, 21 
Spherophortis, 250, 443 
necrophorus, 443, 709, 783 
SpmulQsum, 143 
Spirillum 

cholerae asiaticae, 310 
fetus, 314 
mstcbiukovii, 313 
pallidum, 583 
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Spirillum, dofinilion of, 22 
Spirochaeta, 250 
anserma, 580 
gallinarum, 580 
pallidum, 583 
Spurochaetaceae, 250 
Spirochaetales, 250, 579 
Spirochete, definition of, 22 
Spirochetes, 579 
Spirochetosis of fowls, 580 
Spironema gallinarum, 580 
Splenic fever, 465 
Spontaneous generation, 10 
Sporangiophore, 37 
Sporangium, 37 
Spores 

formation of, 29 
germmation of, diagrani, 30 
position and size of, 29 
stams for, 78 

Hansen method, 78 , j •to 

Schaeffer and Fulton method, 78 
vaccines, 4G6 
Sporotnchum, 643 
beurmanni, 643 
equi, 643 
sdiencki, 643 

schencki var beurmanni, o'*** _ 

SS (Salmonella Shigella) agar, 92 
Staining, theory of, 73 
Staining methods 
acid'fast, 80 
Gabbett’s method, 81 
Ziehl-Neelsen’s ine*od, 80 
alkalme methylene blue, 78 
blood, 81 
Giemsa’s, 81 
Wright’s, 81 
capsule, 79 
Hiss’s method, 79 
Johne’s method, 79 
carbol fuchsm, 78 
flagella, 78 , -jo 

Casares-Gil’s method, 7y 
Loeffler’s method, 79 
Gram’s method, 76 
metachromatic granules, 80 
Albert’s method, 80 
Neisser’s method, 80 
Negn bodies, 82 
Lentz’ method, 82 
spore, 78 

Hansen’s method, 78 - -o 

Schaeffer and Fulton’s method 78 


fibnnolysin o£, 294 
hemotoxin of, 291 
hvaluronidase of, aya 
lethal toxin of' 280 
leucocidin of, 291 
pyogenes, 296 
pyogenes aureus, 29b 
Staphylococcus medium No 110, 97 
Staphylococcus toxin medium, 97 
Steam under pressure, 106 
Stenothermic, 48 
Sterigmata, 37 
Sterilization, 100 
Stem’s test, 344 
Stomatitis, 286, 716 
Stormont’s test, 548 
Stram 19 vaecme, 388 
Strangles, 268, 270, 273 
diagnosis of, 2a 
Strauss’ reaction, 43b 

Streptococci 

classiHcation of, 252 

£|^LK'dass|cat.on of, 253 

Streptococcus, 250, 

agalactiae, 264 
angmosus, 256 
articulorimi, 
brevis, 253 
cams, 275 

capelletti, 268 
capsulatus gallinarum, 274 
contagiosae equonim, 268 
dysgalactiae, 264 
epidemicus, 256 
equi, 254, 268 

equinus, 276 

equisimilis, 254, 4(4 
eiysipclatos, 253, 256 
felmc, 276 
gallinarum, 274 
genitahum, 2bl 
hemolylibus, 256 
lactis, 277 

phages of, 828 
longus, 2M 
meningitidis, 283 
mucosus. 253 

pneumoniae, 280 
puerperalls, 256 

pyogenes, 253. 2‘’b, 

Karlatmw 256 
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Streptomycin 132, 138, 53G 
Slreptothncin, 132, 138 
Streptothnx 
actinomyccs 572 
Wjvs, S12 
cuniculi, 413 
necropbora, 443 
Stuttgart disease, 587 
Subcutaneous test lor glanders, 435 
Sublilin, 135 

Succinylsulfathiazolc, 114 
Sugar-free broth, 83 
Sulfadiazine, 114 
Sulfaguanidine, 114 
SuUamerazmc , 114 
Sulfamethazine, 114 
Sulfanibmide, 114 
Sulfapyridinc, 114 
Sulfasuxidinc, 114 
SulfathaUdine, 114 
Sulfathiazolc, 114 
Summer encephalitis. 730 
Supersonic waves, 103 
Suppurative pneumonia of foals, 519 
Swamp fever, fill 
Swine brucellosis, 388 
Swine erysipelas, SOI 
vaccine, 503 
Swine fever, 781 
Swine influenza, 705 
Swine plague, 405 
Swine pox, 689, C90. 690 
Swmney filter, CCS 
Sylvatic plague, 409 
Symbiosis, 52 
Syphilis, 583 
diagnosis of, 585 

Systematic bacteriology, definition of. 


T 

'Tavpeia, C90, 762 
alpha, 690 762 
avium, 690, 775 
beta, 690, 767 
caballi, 791 
cams, 690, 770 
fells, 690, 768 
premens, 690, 768 
pulb, 690, 776 
vitulae, 690, 769 
viverrae, 690, 774 

Temperatures lower than the boiluig 
pomt, 105 
Tertamvciti, 

Teschen disease. 747 
Test 
indol, 85 

Voges-Proshauer’s, 84 
Tetanolysin, 494 
Tetanospasmm, 494 
Tetanus. 492, 496 
Tetanus antitoxin, 187 
immunity unit for, 187 
producUon of. 188 
Tetanus toxin, spread of, 495 


Tetracycline, 133 
Tctrathionate broth base, 90 
Thallophyla, 22, 245 
Thcilerclla, 690. 74C 
ccuixis, 690, 746 
tcscheni, 690, 747 
Thciler's cnccphalom>eliUs, 746 
•nieories of Immunity, deveJ<’pf'’Pf't 
of, 18 

Thermal death point, 103 
factors oiTccting, lOi 
Thermophilic, 48 
Thcurgical theory of disease, C 
Thiamin, 55 

Thioglycollatc medium, 98 
Tick fcier, 582 
Tiger Riv cr disease, 450 
Tinea, 639 

Tinea tonsurans mtcrosponca, 640 
Tisclius apparatus 173 
Tissue culture, cultivation of viruses 
In. 670 

Tissue vaccine (BTV), 78i 
Tobacco-mosaic disease, 653 
Tomatin, 144 

Tomato Juice medium, 99 
TomUlitis, 298 
Tortor, 691, 781 
bovis. 691, 787 
equac, 691, 791 
equorum, 691, 789 
fells, 691, 795 
furens, C91, 799 
gain, 691, 797 
ovis, C91, 793 
suis, 691, 781 
vulpis, GDI, 894 
Toxemia, 164 
Toxicity index, 120 
Toxin, IC9, 182 

determination of potency of» 185 
U dose of, 188 
nature of, 183 
official test dose of, 187 
sources of, 183 
tissue specificity of, 185 
Toxm-antitoxin mixtures (TAT), 508 
Toxoid, 184 
Toxophore, 184 
Trachoma, 609 
Treponema, 250, 580, 583 
anserma, 580 
palbdum, 5M 
Treponemataceae, 250 
Tnthobactena, definition of, 22 
Tnehoderma viride, 143 
Trichophyton, 639 
equmum. 639 
gallmae, 639 

mentagrophytes, 639 
qmckeanum, 639 
^oenleim, 639 
verrucosum, 640 
Tnfur, 691, 811 
equorum. 691, 811 
gallinanim, 691, 813 
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Trifuraccae, 691, 811 
Tryptophano broth, 85 
Tsutsugamushi fever, 600 
Tubercle bacilli 

prevalence of various types of, m 
domestic animals, 539 

streptomycm-resistant strains of, 

248 

TubercuUn, preparation of, 546 
Tuberculm reaction, 544 
TubercuUn test, 546 
mtradermal, 547 
ophthalmic, 547 
subcutaneous, 547 
Tuberculosis, 260, 298, 527 
diagnosis of, 544 
Tularemia, 414 
types of, 414 

Tumor formation viruses, 687 
Turkey pox, 693 
Tyndallization, 12, 106 
’iSrhoid fever, 349 
Typhoid Mary, 349 
Tyrocidine hydrochloride, 137 
iSTOthricm, 137 

U 

Ulcerative dermatosis, 689, 701 
Ulcerative endocarditis, 260 
Ulcerative keratitis, 298 
Ulcerative lymphangitis m horses, 5i->, 
515 

Ultraviolet lamp, 658 
Umbilical infection, 512 
Unitarian tiieory, 180 
Universal donor, 198 
Universal recipient, 198 
Uracil, 55 
Urea agar base, 92 


V-factor, 56, 420, 423 
Vaceme 

Pasteur anthrax, 466 
rabies, types of, 753 
for swme erysipelas, 568 

Vaccmia, 693 
Valley fever, 647 
Variants, mucoid, 32 
Variation, 31 
of viruses, 660 
Variola, 692 

VegetaUve cell, 29 - , j 

Verwoort’s medium, Schufmer s moa- 
ification of, 589 
Vesicular exanthema, 689, 717 
Vesicular stomatitis, 689, 716 
Veterinary bacteriology, definition oi. 

Veterinary virology, definition of, 5 
Vibrio, 250, 310 
cholerae, 310 
cholerao asiaticac, 310 
comma, 310 
fetus, 314 


]e]uni, 319 
metchnikovu, 312 
nordhafen, 312 
subtihs, 458 

Vibnon septique, 16, 477 
Vibnonic abortion 
cause of, 314 
in cows, 317 
in ewes, 317 

Vibnonic dysentery m swine, 322 

Viralcs, 689 

Viremia, 662 

Vindm, 143 

Virucide, 100, 659 

Virulence, 151 

relationship of host to, loa 
Vims, epidemic tremor, 739 
Virus, Japanese B, 690, 730 
Virus, Russian spring-summer, bso. 

Vims, West Nile, 690, 733 
Virus B, 689, 707 
Vims diseases 

general characteristics of, 663 
mununity to, 663 
transmission of, 663 
Virus hemagglutination, 683 
Vims interference, 661 
Virus neutralization, 681 

'^‘SLan hor^ ’ 729 

Austrahan X-disease, 690, 729 
avian encephalomyelitis, 690, 739 
avian leucosis, 691, 813 
blue tongue, 691, 793 
Borna disease, 690, 738 
canme 

canine hepatitis, 601, 804 

canme oral papiUomatosis, 689, 731 

cattle warts, 689, 720 

common col4 

common warts, 689, 720 

contagious ecthyma, 689, 700 

”tro™ha,680, 702 

eqZc mcep'Somychtis, 690, 734 
I^ume infectious 
equine mfluenM, 691, 791 
erosive stomaUtis, 689, 

Far Eastern encephalitis, 690, 1 
felme distemper, 690, 768 
ferret distemper, G90, 774 _ 

foSE-ond-moulh disease, 653, 659, 

712 

strains of, 713 
fowl leucosis, 691. 813 

“/ig"??’ gland disease, 

hamsfer salivary ghmd disease, 691, 
017 

herpes a'U'Pleil-, 
hog cholera, 691, 781 
mtanllle narahsis, i43 
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Virus of (continued) 
infectious bronchitis, 690, 776 
influenza A, 690, 762 
influenza B, 690, 767 
laryngotracheitis, 690, 775 
louping-in. G90, 727 
lymphocytic choriomeningitis, 690, 

744 

moUuscum-contagiosum, 6S3, 720 
mouse poliomyelitis, 690, 746 
mouse sail! ary gland disease, 691, 
817 

Newcastle disease, 691, 799 
paiilcucopenia of cats, C91, 795 
pneumoentcritis, 690, 769 
poliomyelitis, CM, 743 
pseudo-lymphocytic choriomeningi- 
tis, 690. 746 
pseudorabies, 689, 705 
rabbit myxomatosis, 683, 724 
rabbit oi^ papillomatosis, 689, 723 
rabbit papilloma, 689, 724 
rabbit warts, 689, 724 
rabies, 690, 750 
Flu^ strain, 75S 

rat salivary gland disease, 691. 817 
Rift Valley fever. 690, 759 
rinderpest, 691, 7W 
rous sarcoma, 689, 722 
Saint Louis encephalitis, 690, 731 
smsdlpox, 689, 696 
swine piox, 689, 699 
Theiler’s encephalomyelitis, 746 
ulcerative dermatosis, 689, 709 
vesicular exanthema, 689, 717 
vesicular stomatitis, 689, 716 
antigenic types of, 716 
yellow fever, 690, 759 
Virus pneumonia, 611 
Virus recombination, 660 
Virus m, 689, 708 
Viruses 

action ol antibiotics on, 659 
action of chemicals on, 658 
action of sulfonamides, 659 
animal inoculation of, 669 
chemical composition of, 656 
classification of, 687 
cultivation, of, (S6 
determiMtion of size and mor- 
phology of, 664 
general characteristics of, 653 
general morphology of, 653 
interference phenomena of, 661 


methods used m the study of, GG4 
microscopy of, 667 
physiolosy of, 658 
resistance of, 658 

scmlogical methods of studying, 680 
size of, 654 
unclassified, 817 
variation of, 6C0 
Voges-Proskauer test, 84 
Vok bacillus, 544, 55G 

W 

Wart group, 689, 720 
Warts. 690, 720 
Wassermann lest, 585 
Weil’s disease, 

Wet filter-paper method, 117 
Wcybndge PPD, 547 
White scours, 329 
Widal agglutination test, 190 
Widal microscopic test, 19 
Wmler dysentery, 319 
Wooden-tongue, 440 
Woods-Fildes theory of competitive 
inhibition, 114 
Wound infection, 307 


X-Uctor, K, 420, 423 
X-rays, 103 


Yeast cell 

detailed structure of, 34 
structure of, 33 
Yeast cellulose, 34 
Yeasts 

morphology of, 32 
reproduction of, 35 

suft, asvi of, 33 

Yellow fever, 759 
Yellow fever group, 690, 759 


Zephiran, 127 
Ziehl-Neelsen stain, 80 
Zoophagineae, 689 
Zygospores, 38 
Zymase, 56 
Zymonema, 637 
farcumnosum, 638 
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